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HYPOGLYCEMIC THIAZOLIDINEDIONES 
Technical Field 
The present invention relates to certain compounds 
of the formula 



5 




having utility as hypoglycemic agents, methods for their 
use and pharmaceutical compositions containing them. 

Background Art 
In spite of the early- discovery^ of, insulin, .and its 

10 subsequent wide-spread use in the treatment of diabetes, 
and the later discovery and use of sulfonylureas (e.g. 
chlorpropamide , tolbutamide , acetohexeunide , tolazamide ) 
and bigusuiides (e.g. phenformin) as oral hypoglycemic 
agents, the treatment of diabetes remains less than 

15 satisfactory. The use of insulin, necessary in about 10% 
of diabetic patients in which synthetic hypoglycemic 
agents are not effective (Type I diabetes, insulin depen- 
dent diabetes mellitus) , requires multiple daily, usually 
self, injection. Determination of the proper dosage of 

20 insulin requires frequent estimations of the sugar in the 
urine or in the blood. The administration of an excess 
dose of insulin causes hypoglycemia, with effects reuiging 
from mild abnormalities in blood glucose to coma, or even 
death. Treatment of non- insulin dependent diabetes 

25 mellitus (.Type II diabetesl usually consists of a combi- 
nation of diet, exercise, oral agents, e.g., sulfonyl- 
ureas, and in more severe cases, insulin. However, the 
clinically available hypoglycemics are unfortxinately 
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fr aught with, other toxic manifestations which limit 
their use. In any event, where one of these agents 
may fail in an individual case, another may succeed. 
A continuing need for hypoglycemic agents, which may be 
5 less toxic or succeed where others fail, is clearly 
evident. 

In addition to the hypoglycemic agents cited above, 
a variety of other compounds have been reported to 
possess this type of activity, as reviewed recently by 
10 Blank [Burger's Medicinal Chemistry, Fourth Edition, 
Part II, John Wiley and Sons, N.Y. '(1979), pp. 1057- 
1080]. 

U.S. 4,342,771 discloses a class of oxazolidine- 
dione hypoglycemic agents of the general formula 



' 15 




where is H or certain acyl groups and R is certain 
mono- or bicyclic heterocyclic groups. 

European Patent Application No. 117,035 discloses 
a group of 5-phenylthiazolidine-2 , 4-dione hypoglycemic 
20 agents of the formula 




where R^is lower alkyl, is F, CI or Br and is H, 
CI, lower alkyl or lower alkoxy. 
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U.S. 4,461,902 discloses certain 5- I C4-cyclohexyl- 
methoxyphenyl) methyl] thiazolidine-2 , 4-dione hypoglycemic 
agents of the formula 

^ fe • NH 

11 
0 

where ^ is H or lower alkyl and is an oxo or hydroxy 
group . 

Disclosure of Invention 
The present invention -relates -to compounds . o£..the. . ^< 

formula 



(I) 



or a pharmaceutically acceptable cationic salt thereof, 
wherein the broken line is a bond or no bond, n is zero, 
1, or 2; X is O, S, S, S=0, CH, , C=0, CHOH or NR5 where R5 

o o 

is H, formyl, (Cj-Cg) alkanoyl, benzyloxycarbony 1 , 
CO(CH2)3jCgH5 where x is an integer from 1 to 3, (Cj^-Cg)- 
alkyl, said alkyl optionally . substituted by HO, CI, Br, 
OCH3, phenyl or COORg where Rg is CC^^-C^) alkyl ; 
R is H, CH3 or CjHgf 

when taken separately, R^^ is H, CCg-C^l cycloalkyl, 

(C^-CQ)methylsubstituted cycloalkyl, pyridyl, thienyl, 
6 8 
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furyl, naphthyl, p-biphenylyl, tetrahydrofuranyl, tetra- 
hydrothienyl, tetrahydropyranyl , CgH^Wj or alk-W^^ and 
alk is CC,-Cg)alkylene, ethylidene or isopropylidene ; 
W, is H, OH, lCj^-C4)alkoxy, CC^^-C^) thioalkyl, pyridyl, 
furyl, thienyl, tetrahydrofuryl, tetrahydrothienyl , 
naphthyl, IC5-C7) cycloalkyl or CgH^Wj and is H, OH, 
F, CI, Br, CCi-C4)alkyl, (C^-C^) alkoxy or (Ci-C^) thio- 
alkyl; R2 is H or CH3, R3 is H, CC^^-Cg) alkyl, CgH4W2 or 
benzyl; and is H; 

when Rj^ and R2 are taken together they form 
(C^-Cg)alkylene and R3 and R^ are each H; 

when R3 and R^ are taken together they form 
(C _Cg)alkylene and and ^' when Rj 

and R3 are taken. to.ge.ther they are CC3-C4) alkylene and 

15 R^ and R^ are each H. 

Preferred compoiands are those wherein the broken 
line is no bond and R is H. Preferred values for Rj_, 
R3 and R4 are R2. R3 and R^ are each H and R^ is 
H, cyclohexyl, CgH4W2 or alk-W^^ where alk is (Cj^-C^)- 
alkylene, ethylidene or isopropylidene; W^^'is H, OH, 
(Cj^-C4)alkoxy, cyclohexyl or CgH4W2 and W2 is H, F, CI, 
Br, CH3 or CH3O. Preferred values of n are zero or 1. 
Preferred values of X are O, S, S or S=0. 



20 



n II 

O o 
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The compounds of the invention are useful as 
hypoglycemic agents and are mechanistically distinct 
from known hypoglycemics Cthe sulfonylureas) currently 
employed in diabetic therapy. Preferred invention 
5 compoxands because of their excellent hypoglycemic 

activity in mammals are 5- I C2-benzyl-2, 3-dihydrobenzo- 
furan-5-yl) methyl] thiazolidine-2r4-dione and 5-It2- 
benzyl-3 , 4-dihydro-2H-benzopyran-6-yl) methyl] thiazo- 
lidine-2, 4-dione or a pharmaceutically acceptable 

10 cationic salt thereof. 

The expression "pharmaceutically acceptable 
cationic salts" is intended to define such salts as the 
alkali metal salts, (e.g. sodium and potassium) , 
alkaline earth metal salts (e.g. calcium and magnesiiom) , 

15 aluminum salts, ammoni\am salts, and salts with organic 

amines such as benzathine {N,N'-dibenzylethylenediamine) , 
choline, diethanolamine , ethylenediamine , meglximine 
(N-methylglucamine) , benethamine (N-benzylphenethyl- 
amine) , diethylamine , piperazine, tromethamine (2-amino- 

20 2-hydroxymethyl-l,3-propanediol) , procaine, etc. An 
especially preferred such salt is the sodixam salt. 



wo 86/07056 



PCT/US85/00962 



-5a- 



Mixtures of optically active isomers partially 
or completely optically resolved isomers of the com- 
pounds claimed herein are within the scope of the 
prese.nt invention. 
5 Also eitibraced by the present invention are pharma- 

ceutical compositions for use in treating a hyper- 
glycemic mammal which comprises a blood glucose lowering 
amount of a compound of 'formula CI) and a pharmaceuti- 
cally acceptable carrier. The invention further 
10 comprises a method of lowering blood glucose in a hyper- 
glycemic mammal which comprises administering to a 
mammal in need of such treatment a blood glucose lower- 
ing effective amount of a confound of foinnula (I) . 

The compounds of formula CD contain asymmetric 
15 centers at the 2-position, when R^^ and different,, 
and at the 3-position, when R3 and R^ are different. 
The compounds of formula (I) wherein the broken line is 
no bond have additional .asymmetric centers at the 
R-bearing carbon atom linking the two rings, when R is 
20 methyl or ethyl; and at the 5-carbon of the thiazoli- 
dinedione group. Among the enantiomers of a given 
compound, one will ordinarily be. favored over the others 
and the racemates because of its greater activity. The 
present invention is considered to Be embracive of the 
25 racemates, diastereomeric mixtures, the pure enantiomers 
and diastereomers of the compounds of formula (I) , the 
utility of which is determined by the biological evalua- 
tions described below. 
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Detailed Description 
Th.e compounds of the invention are prepared, for 
excuaple, by the method of Synthetic Scheme A, below. 

Synthetic Scheme A 




r 

,NH 



CIV) 



CVI) 




(III) 
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In the first step, approximately equimolar amounts 
of the reactant CIV) , wherein n, ^i^^4 ^ 
defined above, and thiazolidinedione (VI ) are heated in 
the presence of a mild base to provide the olefin of 
.5 formula CIHI . While this step may be carried out in 
the presence of a reaction inert solvent, it is 
preferably carried out in the absence of solvent at a 
temperature which is sufficiently high to cause at 
least partial melting of the reaction mixture • A pre- 

10 f erred such temperature is in the range of from 100 to 
250® €• , and especially preferred is a temperature of 
from 140 to 200® C. 

Examples of suitable mild bases for the above 
reaction include . the alkali metal and . alkaline earth 

15 salts of weak acids such as the (€^^-€^2) ^^^y^ carboxylic 
acids and benzoic acid; alkali metal and alkaline earth 
carbonates and bicarbonates such as calcium carbonate, 
magnesium carbonate, potassium bicarbonate; and tertiary 
amines such as pyridine, N-methylmorpholine , N-ethyl- 

20 piperidine and the like. An especially preferred mild 
base is sodium acetate for reasons of economy and 
efficiency. 

In a typical such reaction the aldehyde or ketone 
starting material (IV) and thiazolidinedione (VI) are 

25 combined in approximately equimolar amounts- with a molar 
excess, preferably a 2--4 fold molar excess, of anhydrous 
sodium acetate and the mixture is heated at a temperature 
high enough to effect melting, at which temperature the 
reaction is substantially complete in from about 5 to 

30 60 minutes. The desired olefin of formula CIII) is 
then isolated, for example, by mixing with water and 
filtration, to obtain the crude product, which is 
purified, if desired, e.g. by crystallization or by 
standard chromatographic methods. 
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The olefinic products of formula CIIIl are active 
hypoglycemic agents and also serve as intermediates 
for preparation of the corresponding reduced compounds 
of formula tH). While the reduction of the above 
5 olefins may be carried out by employing a wide variety 
of reducing agents which are known to reduce carbon- 
to-carbon double bonds / the preferred method employs 
hydrogen in the presence of a noble metal catalyst. 
Typically, the hydrogenation is carried out in the 

10 presence of a reaction inert solvent. 

V?hen the reduction step is carried out employing 
hydrogen in the presence of a noble metal catalyst, a 
convenient method for carrying out this transformation 
is to stir or shake a 'solution of a cbmpoimd of the 

15 formula (III) under an atmosphere of hydrogen, or 

hydrogen mixed with an inert diluent such as nitrogen, 
in the presence of a noblfe metal hydrogenation catalyst. 
Suitable solvents for this reaction are those which 
substantially dissolve the starting compound of the 

20 formula (III) but which do not themselves suffer hydro- 
genation or hydrogenolysis. Examples of such solvents 
include ethers such as diethyl ether, tetrahydrofuran, 
dioxane and 1, 2 -dime thoxy ethane; low molecular weight 
esters such as ethyl acetate and butyl acetate; tertiary 

25 amides such as N ,N-dimethylf ormamide , N ,N-dimethyl- 
acet amide and N-methylpyrrolidone ; and lower alkyl 
carboxylic acids such as formic, acetic, propionic 
and isobutyric acid- An especially preferred such 
solvent is glacial acetic acid. 
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Introduction of the hydrogen gas into the reaction 
medium is usually accomplished by carrying out the 
reaction in a sealed vessel, containing the compound 
of formula CHI) # the solvent, the catalyst and the 
5 hydrogen. The pressure inside the reaction vessel can 
vary from about 1 to about 100 kg/cm^ . The preferred 
pressure range, when the atmosphere inside the reaction 
vessel is substantially pure hydrogen, is from about 2 
to about 5 kg/cm . The hydrogenation is generally run 

10 at a temperature of from about 0** to about 60® C, and 
preferably from about 25** to about 50* C. Utilizing 
the preferred temperature and pressure values, hydro- 
genation generally takes place in a few hours, e.g. 
from about 2 hours to about 20 hours. The preferred 

15 noble metal catalysts used in this hydrogenation reaction 
are the type of agents known in the art for this kind 
of transformation, for example, nickel, palladium, 
platinum and rhodium^ A palladium catalyst is pre- 
ferred because such catalysts are not readily poisoned 

20 by sulfur. The catalyst is usually present in an 

amount from about 0.01 to about 25 weight-percent, and 
preferably from about 0.1 to about 10 weight-percent, 
based on the compound of formula (III) • It is often 
convenient to suspend the catalyst on an inert support; 

25 a particularly convenient catalyst is palladium sus- 
pended on an inert support such as carbon. 



the desired product of formula (11) is then isolated by 
standard methods, e.g. the catalyst is removed by 
30 filtration, the solvent evaporated and the product 
purified, if desired, by well known methods such as 



When the hydrogenation is substantially complete. 



crystallization or by chromatography. 
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A preferred method for red-action of the compounds 
of formula CUD where X is S, to the corresponding com- 
pounds of formula CII) # is by means of a metal-acid 
couple which produces hydrogen in situ , A preferred such 
5 metal-acid couple for this reduction is zinc and acetic 
acid. 

The pharmaceutically acceptable cationic salts of 
the compounds of the present invention are readily 
prepared by reacting the acid forms with an appropriate 

10 base, usually one equivalent/ in a co-solvent. Typical 
bases are sodium hydroxide, sodiiim methoxide, sodium 
ethoxide, sodiiam hydride, potassium methoxide, magnesixim 
hydroxide, calcium hydroxide, benzathine, choline, 
diethanolamine , ethylenediamine, meglumine, benethamine , 

15 diethylamine , piperazine and tromethamine . The salt is 
isolated by concentration to dryness or by addition of 
a non-solvent. In some case3, salts can be prepared 
by mixing a solution of the acid with a solution of a 
different salt of the cation (sodium ethylhexanoate , 

20 magnesium oleate) , employing a solvent in which the 

desired cationic salt precipitates, or can be otherwise • 
isolated by concentration and addition of a non-solvent. 
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.2,4-Thiazolidinedione tVI) is commercially avail- 
able. The aldehydes and ketones of formula CIV) are 
prepared by a variety of well known methods, for 
example, by mild oxidation of the corresponding primary 
5 or secondary alcohol with reagents such as manganese 

dioxide or chromic acid under conditions known to produce 
aldehydes from primary alcohols and ketones from 
secondary alcohols; reaction of the appropriate dihydro- 
f uran , 3 , 4-dihydro-2H-benzopyran , dihydrobenzbthiophene 

10 or thiachroman with titanium tetrachloride in methylene 
chloride with 1,1-dichloromethylmethyl ether; reaction 
of the corresponding bromine substituted bicyclic hydro- 
carbon with n-butyl lithiiim followed by N ,N-dimethyl- 
formamide at -80** to -70* C. ; and other methods well 

15 known in the art. 

When the above-mentioned reaction with titaniina 
tetrachloride and 1, 1-dichloromethylmethyl ether is 
carried out with certain 2- substituted dihydrobenzofurans 
in which the 2 -position is sxibstituted by a tertiary 

20 carbon atom bearing a phenyl group, the predominant 

reaction has been found to be a ring expansion to form 
a 6-formyl-3-phenyl, 2,2-disiabstituted-3, 4-dihydro-2H- 
benzopyran. 

The requisite 2 , 3-dihydrobenzof urans , 2,3-dihydro- 
25 benzothiophenes , chromans, thiochromans, tetrahydro- 

benzooxepins and tetrahydrobenzothiepins , as well as the 
corresponding bromo- substituted and hydroxyalkyl- sub- 
stituted compounds, described above as precursors of the 
starting aldehydes and ketones of formula (IV) , are 
30 prepared by a variety of methods known in the art and 
illustrated in the Preparations, below. 
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The reactions employed to prepare the compounds 
of this invention can generally be monitored by 
standard tic methods, employing commercially available 
plates. Suitable eluants are common solvents such as 
5 chloroform, ethyl acetate or hexane or suitable combi- 
nations thereof which will differentiate starting 
materials, products, by-products, and in some cases 
intermediates. Applying these methods, which are well 
known in the art, will permit further improvement in 

10 the methodology of the specific examples detailed 

hereinafter, e.g. the selection of more optimal reaction 
times and temperatures, as well as aid in the selection 
of optimal processes. 

The thiazolidine-2 ,4-diones of the present inven- 

15 tion are readily adapted to clinical use as antidiabetic 
agents. The activity required for this clinical use is 
defined by the test for hypoglycemic effect in ob/ob 
mice by the following procedure; 

Six to eight week old C57 BL/6J-ob/ob mice (obtained 

20 from Jackson Laboratory, Bar Harbor, Maine) were housed 
five per cage vinder standard animal care practices. 
After a one week acclimation period, the animals were 
weighed and 25 microliters of blood was collected via 
an ocular bleed prior to any treatment. The blood sample 

25 was immediately diluted 1:5 with saline containing 2.5 

mg/ml sodium fluoride and 2% sodiuun heparin, and held on 
ice for metabolite analysis, i^imals were then dosed 
daily for five days with drug (50 mg/kg) or vehicle. 
All drugs were administered in a vehicle consisting of 

30 1.0% (v/v) polysorbate 80 (e.g. Tween 80, a registered 
trademark of ICI America, Inc.) in water with no pH 
adjustment. Animals were bled daily (via the ocular 
route) for blood metabolite levels just prior to oral 
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administration of the test compound. The weight of 
each animal was recorded on days 1/ 3 and 5 of the 
treatment- The freshly collected samples (.125 micro- 
liters in 330 microliter tubes) were centrifuged for 
5 two minutes at 10,000 xg at room temperature* A 50 

microliter sample was analyzed for glucose, for example, 
by the ABA 200 Dichromatic Analyzer*, using the A-gent* 
glucose UV reagent system'^ Chexokinase method) using 
20/ 60 and 100 mg/dl standards* Plasma glucose was 
10 then calculated by the equation. 

Plasma glucose Cmg/dl) = Sample value x 5 x 1.67 = 

8.35 X Sample value 

where 5 is the dilution factor and 1.67 is the plasma 
hematocrit adjustment (assuming the hematocrit is 40%) . 

15 A registered trademark of Abbott Laboratories, 

Diagnostics Division, 820 Mission Street, So, Pasadena, 
CA 910-30. 

'''a modification of the method of Richterich and 
Dauwalder, Schweizerische Medizinische Wochenschrif t , 
20 101, 860 (1971) . 
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The thiazolidine-2,4-diones of the present invention 
are clinically administered to mammals, including man, 
via either the oral or the parenteral route. Administra- 
tion by the oral route is preferred, being more conve- 
5 nient and avoiding the possible pain and irritation of 
injection. However, in circumstances where the patient 
cannot swallow the medication, or absorption following 
oral administration is impaired, as by disease or other 
abnormality, it is essential that the drug be administered 

10 parenterally. By either route, the dosage is in the 

range of about 0.10 to about 50 rag/kg body weight of the 
subject per day, preferably about 0.10 to about 10 mg/kg 
body weight per day administered singly or as a divided 
dose. However, the optimum dosage for the individual 

15 subject being treated will be determined by the person 

responsible for treatment, generally smaller doses being 
• administered initially and thereafter increments made to 
determine the. mbst suitable dosage. This will vary 
according to the particular compound employed and with 

20 the siibject being treated. 
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The compounds can be used in pharmaceutical prepa- 
rations containing the compoiand, or pharmaceutically 
acceptable acid salt thereof, in combination with a 
pharmaceutically acceptable carrier or diluent. Suit- 
5 able pharmaceutically acceptable carriers include inert 
solid fillers or diluents and sterile aqueous or organic 
solutions. The active compound will be present in such 
pharmaceutical compositions in amounts sufficient to 
provide the desired dosage amount in the range de- 

10 scribed above. Thus, for oral administration the 
compounds can be combined with a suitable solid or 
liquid carrier or diluent to form capsules, tablets, 
powders, syrups, solutions, suspensions and the like. 
The pharmaceutical compositions may, if desired, con-. 

15 tain additional components such as f lavorants r sweeten- 
ers, excipients and the like. For parenteral administra- 
tion the compoxinds can be combined with sterile aqueous 
or organic media to. form injectable solutions or suspen- 
sions. For example, solutions in sesame or peanut oil, 

20 aqueous propylene glycol and the like can be used, as 

well as aqueous solutions of water-soluble pharmaceuti- 
cally acceptable acid addition salts of the compounds. 
The injectable solutions prepared in this manner can 
then be administered intravenously, intraperitoneally , 

25 subcutaneously, or intramuscularly, with intramuscular 
administration being preferred in man. 
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The present invention is illustrated by the follow- 
ing examples. However, it should be understood that the 
invention is not limited to the specific details of these 
examples. Proton magnetic resonance spectra were measured 
5 at 60, 90, 250 or 300 MHz for solutions in deuterochloro- 
form (CDCl^l , deuterium oxide (J>2^^ ' perdeutero acetone 
(CD^COCD^) or perdeutero dimethyl sulfoxide CDMSO-dgl 
and peak positions are expressed in parts per million 
(ppm) downfield from tetramethylsilane. The following 
10 abbreviations are used: s, singlet; d, doublet; dd, 

doublet of doublets; t, triplet; q, quartet; m, multi- 
plet; b, broad. 
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EXAMPLE 1 ' 

General Method A for Preparation of Aldehydes tlV) , 
R = H, is illustrated below: 

5-Fonnyl-2 , 3-dihydrobenzof uran 
5 A solution of 9.4 ml t83.4 mmoll 2 , 3-dihydrobenzo- 

furan in 250 ml methylene dichloride was cooled under 
nitrogen to 0 to -5** C. and 18 ml C167 ramolel titanium 
tetrachloride was added dropwise at 0* C. The result- 
ing brown mixture was stirred 10 minutes and 8.3 ml 

10 (91.6 mmole) 1 , 1-dichloromethylmethyl ether was then 
added dropwise at 0" C. During this addition the 
reaction mixture became dark red in color. The mixture 
was allowed to warm to room temperature, stirred for 
2 hours and poured slowly into a 2 liter beaker contain- 

15 ing 700 ml saturated aqueous sodium bicarbonate solution. 
The resulting mixture was filtered through diatomaceous 
earth and the solids washed with methylene dichloride. 
The separated organic layer was dried (Na2S0^) and the 
solvent evaporated to afford a residual oil, 10 g, (81%) 

20 which appeared homogeneous on silica gel thin-layer 
chromatography (TLC) , eluting with an ethyl acetate/ 
hexane/5% acetic acid, 1:5:5 by vol\ame. Mass spectrvim 
(m/e) : 148 (M+) , 147, 119. 
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EXAMPLE 3 

6-Forinyl-2 ,2-dimethyl-3-phenyl- 
3 , 4-dihydro-2H-benzopyran 

To a solution of 4.6 g C20 iranole) 2- C2-phenyl- 

5 propan-2-yl) -2 , 3-dihydrobenzofuran in 75 ml methylene 

dichloride, under nitrogen, was cooled to 0^ C. and 

7.6 g (.40 mmole) titanium tetrachloride was added in 
one portion/ followed by dropwise addition of 2.5 g 
(22 inmole) dichloromethylmethyl ether. The resulting 

10 mixture was stirred at 0® C. for 4 5 minutes and poured 
into 100 ml water. The mixture was stirred for ten 
minutes, extracted three times with 125 ml portions of 
ethyl acetate. The combined extracts were washed twice 
with brine, dried (MgSO^) and the solvent evaporated 

15 in vacuo to provide an amber viscous oil, 5.3 g (100%), 
which was shown to be a mixture of isomeric aldehydes 
by NMR. The oil. was flash chromatographed on a 60 mm 
colximn packed with 18 cm of silica gel, eluting with 
10:1 hexane/ethyl ether. Collection of like product 

20 fractions and evaporation of solvent gave product A, 

1.7 g, m.p. 88-92^ C. and product B, 2.1 g as an oil. 
The latter product was identified as the title compound 
by NMR spectroscopy. 

Product A is the 8-Formyl isomer of the title 
25 compound. 
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EXAMPLE 4 



General JMethod B for Preparation of Aldehyde Precursors 
of Formula CIV) by oxidation of corresponding primary 
alcohol 



To a magnetically stirred solution of 680 mg 
(.4.14 irunole) 5-hydroxymethyl-2"methyl-2 , S-dihydrobenzo- 
'furan in 100 ml methylene dichloride was added 5.44 g 
manganese dioxide in one portion and the mixture stirred 
10 at room temperature overnight or until the reaction 

was complete as evidenced by thin-layer chromatography. 
The mixture was then filtered and the solvent evaporated 
to provide the title compound in quantitative yield, 
■^H-NMR(CDGl2)ppmCdelta) : 1.6 (d, 3H) , 2, 7-3.6 (m. 



15 IH), 5.1 (m, 2H), 6.8 (d/lH)^ 7.6 Cm, 2H) , 9.8 (s, 
IH) . 



5 



5-Formyl-2-methyl-2 , B^dihydrobenzof uran 
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EXAMPLE 5 

Similarly, the appropriate primary alcohol 
precursors were oxidized to the corresponding aldehydes 
of formula CIV) by the procedure of Example 4. 



10 



n 
0 



X 
O 



,CCH2) 




CH3OCH2 



0 O CH2OH 



H 



95 
oil 



95 



100 
(crude) 



UV, R2,R3,R4=H) 



^H-NMR(CDCl j )ppm( delta) : 



3.2 (m, 2H) , 3.4 (s, 3H) , 
3.6 (d,- 2H) , 5.08 (m, IH) , 
6.8 (d, IH)', 7.-6 (m,- 2-H) , 
10.2 (s, IH) . 

single peak at 9.8. 

no band at 4.6 (CHjOH) . 

9.8 (s, IH) . 



92 



oil, 9.8 (s, IH) . 
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EXAMPLE 6 

General Method C for Preparation of Aldehyde Precursors 
of Formula CiV) by reaction of n-butyl lithium and DMF 
with bromide. 

5 2-Ben2yl-5"formyl"2 , B^-dihydrobenzof uran 

A. 2-Benzyl-5-bromo-2 , 3-dihydrobenzof uran ' 

A solution of 2-benzyl-2 , S-dihydrobenzof uran 
(1.9 q, 9 mmole) in 25 ml carbon tetrachloride was 
cooled to 0° C. and a solution of 0.46 ml C9 mmole) 

10 bromine in 5 ml carbon tetrachloride was added at 0** C. 
The mixture was warmed to room temperature, washed with 
water, sodium bicarbonate solution, and water again. 
The solvent was then evaporated to afford 2 . 5 g of 
crude product which was purified by column chromato- 

15 graphy on silica gel, eluting with hexane to afford 

1.0 g (38.5%) of the desired compound, m.p. 70-72** C. 

B. A solution of 3.7 g (12.8 mmole) of the bromo 
compound obtained above and 50 ml tetrahydrof uran is 
cooled to -70** C. and 8.7 ml of 1.6M n-butyllithium in 

20 hexane is added dropwise at -65® C. The resulting 

mixture is stirred at -65 to -70® C. for 30 minutes. 
To this vas added 1.5 ml (20 mmole) dimethylformamide 
at -65® C. and the cooling bath was removed. VJhen 
the temperature of the mixture warmed to 10® C, 50 ml 

25 water and 50 ml ethyl ether was added and the mixture 
stirred. The ether layer was separated, washed with 
water, dried (MgSO^) and the solvent evaporated in 
vacuo. The residual oil was triturated with hexane 
to yield 2.5 g (82%), m-p. 77-80® C. 



wo 86/07056 PCT/US85/00962 



-23- 
EXAMPLE 7 

A. Employing the procedure of Part A of Example 6 with 
l,2,3,4,4a,9b-hexahydrodibenzofuran* on an 0.08 molar 
scale gave 19.8 g crude material which was purified by 

5 silica gel chromatography, eluting with hexane to give 

7.1 g C35%) of colorless crystals of the 6-bromo-deriva- 
tive, m.p. 54-56** C. Mass spectrum (m/e) : 252 , 
254 (.M +2) • 

Reaction of 7.0 g (27.6 mmole) of the above 6-bromo 
10 compound with n-butyllithium and dimethyl formamide by 
the procedure of Example 6/Part gave 5.65 g (100%) 
of 6-bromo-l,2,3,4,4a,9b-hexahydrodibenzofuran as an 
oil. ^H-NMR(CDCl3) CHO singlet at delta 9.8. 

B. Brominating 5-^76.- g (0*'03.mole) . 2^.ethoxyethyl.-2, 3- 

15 dihydrobenzofuran by the method of Example 6, Part A, 

gave 7.8 g of crude product (oil) which afforded 2.7 g 
(33%) of 5-bromo-2-ethoxyethyl-2 , 3-dihydrobenzof uran 
upon silica gel chromatography, eluting with 10:1 hexane/ 
ethyl acetate. ^H-NMR(CDCl3) ppmCdelta) : 6.5-6.65 (d, 
20 2H) , 7.1-7.4 (m, 2H) . 

This was reacted by the method of Example 6, Part B, 
to give 5-f ormyl-2-ethoxyethyl-2 , 3-dihydrobenzof uran as 
an oil in 91% yield. -^H-NMR(CDCl3)ppm(delta) : 9.9 
(s, IH) CHO. 

25 C. Bromination of thiachroman by the method of Compt. 

rend. , 231,, 1508-1510 (1950) afforded 6-brdmothiachroman 
which was reacted by the method of Example 6, Part B, to 
afford 6-formylthiachroman in 98% yield. 

*Prepared by hydrogenation of dibenzofuran over Raney 
30 nickel catalyst, in ethanol at 105 kg/cm^, 80-100** C. 
and purification by chromatography on a silica gel 
column. Mass spectr\am (jn/el : 174 (M+) . 
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EXAMPLE 8 



By reacting the appropriate starting bromo compound 
by the method of Example 6, Part B, afforded the follow- 
ing compounds in like manner. 




CHO 



10 



n 
0 



1 
1 



52 
H 



-(CH2)5 



CgHgCHj 



H 
H 



cyclohexyl- H 
me-khyl 



(%) 
Yield 

96 



95 

100 
89 

100 



Physical Properties 

oil. Mass Spectrum (m/e) : 
224 011+) . 

oil. Mass Spectrvun (m/e) s 
216 (M+) . 

oil. 

oil, ^H-NMR(CDCl3)ppm 
(delta) s 9.8 (s, IH) CHO. 

oil. 
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EXAMPLE 9 

6-Fonnyl-2-phenyl-3 , 4-dihydro-2H-ben2opyran 
A solution of 4.7 g C22 mmolel 2-phenyl-3 , 4-dihydro- 
2H-benzopyran* and 3.2 g C23 mmolel hexamethylene- 
5 tetramine in 50 ml trif luoroacetic acid was heated at 

reflux C84-88^ C.) for 3.5 hours. The resulting mixture 
was concentrated in vacuo to a red oil, diluted with 
125 ml water and stirred for 15 minutes. The mixture 
was made alkaline with saturated sodivim carbonate 
10 solution, stirred for 10 minutes and filtered. The 

solid filter cake was extracted with ethyl ether, the 
extracts dried CMgSO^) and solvent evaporated in vacuo 
to yield 1.6 g C30%) crude aldehyde as a gummy yellow 
solid. . Purif ication^by>.coJ>i3xan chromatography .on- silica 
15 gel, eluting with 4:1 hexane/ethyl acetate, gave 391 mg 
of the pure , aldehyde as a colorless solid (Rf 0.3 TLC) . 
, -^H-NMR (CDCl3>ppm (delta ) : 9.8 (s, IH) . 

is 

This starting material was obtained by catalytic hydro- 
genation of commercial 2-phenyl-4-chromanone with Pd/C 
20 catalyst in acetic acid at 3.5 kg/cm^ , 50^ C. for 

5 hours. The crude product was purified by colximn chroma- 
tography on silica gel to obtain a 77% yield of product 
as white crystals. 
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EXAMPLE 10 

A, dl-5- [ (2-Benzyl-3,4-dihydro-2H-benzopyran-6-yll - 
methylene] thlazolidine-2 , 4-dione 

A mixture of 1.5 g (.5.9 mmole) dl-2-ben2yl.-6-f ormyl- 

5 3,4-dihydro-2H-benzopyran, 1.2 g C14.8 inmolel anhydrous 

sodium acetate and 867 mg (7.4 imnolel 2 , 4-thia2olidine- 

dione was heated in a oil bath at 14 0« C. while stirring. 

The mixture melted and started to resolidify within 5-10 

minutes. Heating was continued for an additional 5-10 

10 minutes and the resulting mixture was cooled to room 
temperature. Water, 50 ml, was added, the mixture 
stirred for 20 minutes and filtered. The yellow solid 
was air-dried overnight, triturated with acetone, 25 ml, 
filtered and washed with ethyl ether to yield 1.75 g 

15 (83%) of product as a yellow soTid. TL'CT Rf tr.-3«- t2r.'S-5ar ' • 
v/v hexane/ethyl acetate); m,p. 183-184*' C. 
Analysis calculated for C2QH^-yN02S: 

C, 68.35; H, 4.88; N, 3.99%. 
Found: C, 67.93; H, 4.87; N, 3.87%. 

20 B. Levorotatory isomer -Employing levorotatory-2- 

benzyl^6-f ormyl-3 , 4-dihydro-2H-benzopyran , [a] j^-123 . 6 ® , 
provided in Example 25 , as starting material in the 
above procedure affords {-) 5- [ (2-benzyl-3, 4-dihydro-2H- 
benzopyran-6-yl) methylene] thiazolidine- 2 , 4-dione in 100+ 

25 percent crude yield as a yellow solid, m.p. 255® C. 
C. Dextrorotatory isomer - Employing d-2-benzyl-6- 
formyl-3 , 4-dihydro-2H-benzopyran, [a j j^+12 4 . 5® , provided 
in Example 24, as starting material, likewise affords 
the dextrorotatory isomer of the title compound, m.p. 

30 257** C, M.S. 351 (M+) in 100+ percent crude yield as 
a yellow solid. 
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To a solution of 1,75 g (5.0 mmolel dl-5- (.2-ben2yl 



5 3 , 4-dihydro-2H-ben2opyran-6-yl-inethylene) -thiazolidine- 
2,4-dione in 225 ml glacial acetic acid was added 1.7 g 
10% pa lladiim-on- carbon catalyst Csulfur resistant) and 
the mixture was hydrogenated at 50 psi (3.5 bars) / and 
room temperature overnight. The mixture was filtered, 

10 the filtrate concentrated in vacuo and the residue 

diluted with ethyl acetate • The resulting solution was 
washed with saturated sodium bicarbonate solution, brine 
and dried (MgSO^). Evaporation of solvent in vacuo gave 
the desired product as a colorless -foam, 1.0 g (57%). 

15 The above product was dissolved in 30 ml ethyl 

acetate, and 2.0 ml (2.8 mmole) sodium 2-ethylhexanoate 
added. * The resulting mixture was stirred at room tem- 
perature overnight, the solvent evaporated in^ vacuo , 
the resulting colorless paste triturated with ethyl 

20 ether, filtered and washed with hexane to afford 840 mg 
(84%) of the desired sodium salt, m.p. 295-300'* C. 
Mass spectrum Cm/e) : 353 {M+ +1) , 237 (base peak) . 
^H-NMR (DMSO-dg)ppm (delta) : 1.5-1.6 (m, IH), 1.9 (m, IH) , 
2.5 (dd, IH), 2.6-2.7 (m, 2H) , 2.9 (dd, IH) / 3.0 (dd, 

25 IH) , 3.3 (dd, IH) , 4.1 (dd, IH) , 4.1-4.2 (m, IH) , 6.6 
(d, IH) , 6.9 (m, 2H) , 7.2-7.3 (m, 5H) . 
Analysis calculated for C^-.H, oNO^SNa: 



Found: 



C, 63,99; H, 4.83; N, 3.73%. 
C, 63,75; H, 4.85; N, 3.61%. 
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EXAMPLE,!! (Contd) 

B. Levorotatory isomer - Hydrogenation of C-)-5-IC2- 
benzyl-3 , 4-dihydro-2H-benzopyran-6-yl) methylene] thiazo- 
lidine-2,4-dione by the above method gave a 68% yield 

5 of the levorotatory isomer of the title compound after 
purification by silica gel colvimn chromatography/ 
Ia]j^-69.8** (2 0 mg/ml in methanol). 

C. Dextrorotatory isomer - Hydrogenation of the 
(+) -isomer obtained in Example 10, Part C, likewise 

10 gave the corresponding dextrorotatory isomer in 65% 

yield after column chromatography, [a 3^^+64. 5® (20 mg/ml 
in methanol) • 
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EXAMPLE 14 

Sodivim 5-1 C2 ,2-DiIaet^Iyl-3-phenyl-3,4-dihydro-2H-benzo- 
pyran-6-yl}InethylJ thiazolidine-2 , 4-dione , {JLT, R=R^=H, 

5 A. 6-Foniiyl-2 , 2-dimet:hyl-3-phenyl-3 , 4-dihydro-2H-benzo- 
pyran CIV^ R=R^=H, R^=R2=CH3 , R^=^CgH5 , X=0, n=l) 

Under anhydrous conditions and in a nitrogen 
atmosphere, to a solution of 4.6 g (.20 inmole) 2-Cl#l-di- 
methylbenzyl) -2, 3-dihydrobenzofuran in 75 ml methylene 

10 dichloride at 0** C. was added 7-6 g (4.4 ml, 40 mmole) 

titanium tetrachloride in one portion. To the resulting 
mixture was added dropwise 2.5 g C2.0 ml, 22 mmole) 
1 , 1-dichloromethylmethy 1 ether and stirring continued at 
0** C. for 45 minutes. Thin-layer ohromatography of a 

15 sample of the reaction mixture Xhexane/ethyl ether"; 12:1)' 
showed no starting material (Rf 0.62) , but two products 
at Rf 0.14 and 0.25. The reaction mixture was poured . 
into 100 ml water, stirred for ten minutes- and extracted 
with ethyl acetate (3 x 125 ml) • The combined extracts 

20 were washed twice with brine, dried (MgSO^) and the 
solvent evaporated to afford 5.3 g of amber, viscous 
oil. The oil was flash chromatographed on a silica gel 
column (0.6 cm diameter, 17 cm long) eluting with 10:1 
hexane /ethyl ether to obtain 1.7 g of the less polar 

25 product (8-formyl isomer), m.p. 88-92^ C, and 2.1 g of 
the desired less polar product, (6-fo3rmyl isomer) as a 
light yellow oil. ^H-NlXUKCDClj) ppm{delta) : 1.3 (d, 6H) , 
2.95-3.1 (m, 2H) , 3.2-3.3 (q, IH) , 6.95 (d, IH) , 7.2-7.4 
(m, 5H) , 7.7 (d, 2H) , 9.85 (s, IH) . M.S. (m/e) : 266 

30 (parent), 131 (base). 
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EXAMPLE 14 CContdl 

B. 5- [ t2 , 2-Diinethyl-3-phenyl-3 , 4-dilxydro-2H-benzo- 
pyran-6-yl) methylene] -thiazolidine-2 , 4-dione CIII , 
R=R^=H, R^=R2=CH3, R3=CgH5, X=0, n=ll . 

5 A mixture of 1.7 g C6,4 ramolel 6-formyl-2 ,2-dimethyl- 

3-phenyl-3,4-dihydro-2H-benzopyrcUi, 1.4 g C16.5 mmole) 
anhydrous sodium acetate and 970 rag C8.3 mmole) 2,4-thi- 
azolidinedione was heated with stirring in an oil bath 
at 140** C, for 35 minutes. The reaction mixture was 

10 cooled, 50 ml water added, the mixture stirred at room 

temperature for 16 hours. The yellow solid was collected 
by filtration, air dried and triturated with acetone 
(50 ml) for 30 minutes. Filtration and washing the 
collected solids with ethyl ether and air drying afforded 

15 the desired product" *^s-^- yellow solidy 910 mg (40%) ; 

m.p. 2 31-2 35® C. Reworking the mother liquor gave an 
additional 400 mg of product. M'.S. (m/e) : 365 (parent), 
131 (base) . ' 

C. 5-[ (2 ,2-Dimethyl-3-phenyl-3, 4-dihydro-2H-benzopyran- 
20 6-y 1) methyl 1 thiazolidine-2 , 4-dione 

Upon hydrogenation of a mixture of 1.5 g (4.1 mmole) 

of the product obtained in Part B, above, 1.5 g of 10% 

palladi\im-on-carbon catalyst and 2 30 ml glacial acetic 

acid at 3.5 bars, 25** C. for 18 hours, removal of the 

25 catalyst by filtration through diatomaceous earth and 
evaporation of acetic acid, a crude oil was obtained. 
The oil was taken up in 200 ml ethyl acetate, washed 
with sodium bicarbonate solution (3 times) , brine 
(3 times) , dried (MgSO^) and the solvent evaporated in 

30 vacuo to give 1.2 g (80%) of the desired product, 

m.p. 53-68** C. M.S. (m/e): 367 Cparent) , 131 (base). 
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EXiVMPLE 14 CContdl 
D. To a solution of 1.14 g C3.1 inmole) of the above 
product in 35 ml ethyl acetate was added 2.23 ml C3.1 
mmole) , 1.391 molar sodium 2-ethylhexanoate and the 
5 mixture was stirred at room temperature for 50 hours. 

The mixture was concentrated in vacuo to a white paste, 
triturated with 3:1 hexane/ethyl acetate and filtered. 
The white solid cake was triturated with hexane alone, 
and filtered to yield 730 mg C60%) of the title sodium 
10 salt, m.p. 195-210* C. "^H-NMR tDjO) l>pm (.delta) : 1.2 (d, 
6H) , 2.5 (jn, 2H) , 2.85 Cd, IH) , 3.0-3.2 Cmr 2H) , 3.3- 
3.4 td, 2H), 4.1-4.2 (m, IH) , 6.7 Cd, IH) , 6.9-7.0 (d, 
2H) , 7.2-7.4 (s, 5H) . 
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EXAMPLE 15 

5-X (2-Benzyl-2,3-dihydrobenzothiophene-5--ylljneth.ylJ - 
thiazolidine-2,4-dione Ul, R= 'R2=R3=R4=H, X=S, n==zerol 

To a solution of 2.0 g C5.6 inraole) 5- 1 C2-ben2yl- 
5 2 ,3-dihydrobenzothiophene-5-yl]unethylene] thiazolidine- 
2,4-dione, provided in Example 12, in 75 ml refluxing 
glacial acetic acid was added IQ g zinc dust in small 
portions over a 15 minute period. The mixture was then 
cooled, filtered and the filtrate evaporated to dryness 

10 in vacuo to provide a resi'dual oil. The oil was purified 
by column chromatography on silica gel, eluting with 
4:1 hexane/ethyl acetate. The combined product frac- 
tions were evaporated to dryness, the residual oil 
triturated with hexane to obtain 21*2 rag C10%) of crystals, 

15 m.p. 90-94^ C. Mass spectrum (m/e) s 355 (M+)*, 264, 239. 
Analysis calculated as C^gH^^02NS2 2 

C, 64.22; H, 4.82; N, 3.94%. 
Fotind: C, 63.99; H, 4.96; N, 3.73%. 

A portion of the above product (98 mg, 0.28 mmole) 
20 in 10 ml ethyl acetate was treated with a equimolar 

amoiirit of sodium 2-ethylhexanoate (1.39M). After stand- 
ing at room temperature for 1.5 hours, the mixture was 
concentrated to dryness, the residue triturated with 
10 ml warm hexane, cooled and filtered to obtain 90 mg 
25 of sodium salt as a white solid. 
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EXAMPLE 16 



5- 1 C2-Benzyl-2 , 3-dihydro-l, l-dioxobenzothiophene-5-yll- 
me-bhylj t:hiazolidine-2, 4-iaione and It:s Sodiiim Salt 

To a solution of 330 mg CO.. 92 mmolel '5-1 U-benzyl- 

5 2 , 3-dihydrobenzothiophene-5-yl) methyl] thiazolidine-2 , 4- 

dione in 20 ml glacial acetic acid was added 5 ml 

C50 mraole) 30% hydrogen peroxide and the mixture stirred 

at room temperature for 20 hours.* The mixture was 

poured into 50 ml water ^ stirred for two hours, filtered 

10 and the precipitated solid. dried at 80® C. to afford 

146 mg of product, m.p. 100-130** C. which gave a single 
spot upon thin-layer chromatography tSi02) 9 employing 
ethyl acetate tl part) , hexane C2 parts) and acetic 
acid (5%) as solvent. Mass spectrum (m/e) : 387 (M+) . 

15 Analysis calculated for C^qH,^0-NS2 2 



The above sulfone (121 mg) was converted to sodium 
salt by reaction with sodium 2-ethylhexanoate in quan- 
20 titative yield. 

When the reaction was carried out for shorter periods 
(e.g. six hours), the product was found to be a mixture 
of sulfoxide (Rf 0.2) and the desired sulfone (Rf 0.3). 



Found: 



C', 58.91; H, 4.42; N, 3.62%. 
C, 58.61; H, 4.73; 3.39%. 
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EXAMPLE 17 

A, Reaction of 1,6 g C5.77 itmiolel of 5- 1 C2 -methyl- 

2 . 3- dihydrobenzothiophene-5-yl) methylene] thiazolidine- 

2.4- dione, provided in Example 12, in 50 ml acetic acid 
5 with 3.77 g (.57.7 iranole) zinc dust by the procedure of 

Example 15 afforded 5- 1 (2-methyl-2 , 3-dihydroben20thio- 
phene-5-yl ) methyl] thiazolidine-2,4-dione/ 200 mg, as 
an oil which was crystallized from ethyl ether, m.p. 
137-139° C. Mass spectrum (m/el : 279 (J4+) , 163. 
10 Analysis calculated for Cj^2^i3^^2^2 * 

C, 55.88; H, 4.69; N, 5.01%. 
Found: C, 55.73; H, 4.65; 4.84%. 

B. Oxidation of 75 mg of the product of Part A with 
hydrogen peroxide in acetic acid by the method of • 

15 Example 16 gave 20 mg of the corresponding sulfone, 

5- [ (2-methyl-2 , 3-dihydro-l/ l-dioxobenzothiophenyl-5-yl) - 
methyl] thiazolidine-2,4-dione/ Mass spectrum (m/e) : 
311 (M+). 

The sodium salt was prepared by reaction of the 
20 above product with an equimolar amount of sodium 2-ethyl- 
hexanoate in ethyl acetate, stirring the resulting 
mixture for one hour, evaporation of solvent in vacuo 
and trituration of the residue with warm hexane. The 
sodium salt was obtained in 88% yield as a colorless 
25 solid, soluble in water and dimethyl sulfoxide. 
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EXAMPLE 18 

5- [ C2 , 3-Dihydrobenzothiophene-5-yll methyl]- 
t:hiazolidine-2 r 4-dione and Its Sulfoxide 

A. Reduction of 5- [ {.2 , 3-dihydrobenzothiophene-5-yll - 

5 methylene] thia201idine-2,4-dione, provided in Example 12, 

on a 2.24 ramolar scale, by the method of Example 15, 

affords the title dihydrobenzothiophene compound as a 

yellow oil which was purified by column chromatography 

on silica gel, eluting with 2:1 hexane /ethyl acetate, 

10 m.p. 167-169** C. '^H-NMRCCDCl3) ppmCdelta) ; 3.0 (d), 
3.2 (m, obscured by H2O) , 4.9 Cq) / 7.0 (d) , 7.5 (m) . 
Analysis calculated for C^2^±i^^2^2^ ^ '^^^2^'^ ^ 

C, 53.41; H, 4.29; N, 5.19%. 
Found: . Pi. 53.72; 'h, 4.19; N, 5.03%. 

15 B. To a solution of 260 mg (1.0 mmole) of the product 
obtained in Part A, above, in 20 ml acetic acid .(warmed 
to dissolve, then cooled to room temperature) was. added 
1 ml (10 mmole) 30% hydrogen peroxide and the mixture 
was stirred at room temperature for 15 minutes. The 

20 reaction was quenched by addition of ice and solid 

sodixam bicarbonate vmtil starch paper showed negative 
(peroxide test) . The resulting mixture was concentrated 
to dryness in vacuo , the solid residue stirred with 
25 ml water for 30 minutes and the white solid collected 

25 by filtration and dried at 80** C, 0.1 mm pressure, to 
afford 224 mg of product which was identified as the 
1-oxide (sulfoxide), m.p. 228-231** C. (dec). Mass 
spectrum (m/e) : 281 (M+) , 165 (100%). 
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EXAMPLE 19 



1- (.2-Ben2yl-3, 4-dihydro-2H-henzopyran-6-yll- 
1- (.thia2olidine-2 , 4-dione-5-yl} ethane 

By reaction of 6-acetyl-2-ben2yl-3/ 4-dihydro-2H- 

benzopyran with 2 , 4-thiazolidinedione by the method of 

Example 10 affords the corresponding olefin of formula 



^6^5"^^2 




which is reduced to the title compound by the method of 
Example 11. 

10 * In like 'mariner the corresponding olefins of* 

formula (III) are obtained from the appropriate start- 
ing aldehyde or ketone by the method of Example 10 at 
a temperature of from- 100 to 250*^ The olefins 'are, • 

in turn, reduced by the method of Example 11 to provide 

15 the corresponding compound of formula (II) , below. 
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EXAMPIiE 19 CContdl 
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EXAMPLE 19 CContdl 
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EXAMPLE 19 (.Contd) 
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EXAMPLE 19 CContdi 
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EXAMPLE 20 
6-Fonnyl-l / 1-dioxothiachroman 
A solution of 10.3 g C57.8 minolel 6-f ormylthia- 
chroman in 300 ml methylene chloride was cooled to 
5 -10° C. and 25.8 g C127.2 mmole) 85% 3-chloroperbenzoic 
acid was added in portions while maintaining the tem- 
perature of the mixture below -5* C. The mixture was 
stirred While warming to room temperature and allowed 
to stir overnight. The solids were removed by filtra- 
10 tion, the filtrate diluted with methylene chloride, 
washed with water, sodium bicarbonate, water again, 
brine and dried CMgSO^) . Evaporation of solvent afforded 
6.04 g (50%) of the desired sulfone, m*p. 185-187'' C. 
M.S. (m/e) : 210 CM+) . 



4 
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EXAMPLE 21 
2-Ben2yl-6-forinyl-l/ 1-dioxothiachroroan 
A, 6- CI f 3-Dioxolan-2-yl) -1 , 1-dioxothiachroman 

To a mixture of 3.0 g C14.3 ininolel 6-forinyl-l , 1- 
5 dioxothiachroman and 140 ml toluene was added 15.9 ml 

ethylene glycol and 0.66 g C3.5 ramole) p-toluenesulf onic 
acid hydrate. The mixture was heated at reflux for 18 
hours or until no further water was collected in the 
attached water separator (Dean-Stark trap) . The reaction 

10 mixture was cooled, diluted with ethyl acetate, washed 
with water, sodium bicarbonate, water again, brine and 
dried (MgSO^) • Evaporation of solvent in vacuo gave 
3.73 g of residual oil which solidified on standing. 
Mass spectrum (m/e) 254 (M+).. 

15 B. A solution of 254 mg (1.0 mmole) 6- (1, 3-dioxolan- 

2-yl) -1,1-dioxothiachroman in 10 ml tetrahydrof uran . was 
cooled to 0** C. and 1.15 mmole of 2.3M n- butyl lithium 
was added dropwise. The resulting red solution was 
stirred for 30 minutes at 0® C. , 137 microliters (1.15 

20 mmole) benzyl bromide was added and stirring continued 
at 0** C. for one hour, then at room temperature for two 
hours- The reaction was quenched by addition of citric 
acid. The mixture was taken up in ethyl ether, washed 
with brine, dried (MgSO^) and the solvents evaporated. 

25 The residue was taken up in 15 ml tetrahydrofuran, 10 ml 
3.5% aqueous perchloric acid added and the mixture 
stirred overnight. Extraction with ethyl ether, washing 
with brine, drying (MgSO^) and evaporation of solvent 
gave the title compound as an oil, Rf 0.6 on silica gel 

30 TLC (9:1 methylene chloride/ethyl ether). 



wo 86/07056 PCT/LS85/00962 



-54- 

EXAMPLE 22 
dl- 2 - Ben z y Ichroman- 6 - c a rbo xy 1 ic Ac i d 

To a flask containing 600 ml dry tetrahydrof uran 
CTHF) was added 108 ml C165 mmolel 1,6M n-Butyl lithium 
5 in hexane and the mixture cooled to -70® C. A solution 
of 25 g (82.5 mmole) 2-benzyl-6-bromochroman in 200 ml 
dry THF vras added dropwise over ten minutes. Cooling 
was then removed and carbon dioxide gas was bubbled 
through the mixture for 15 minutes. The mixture was 
10 poured into 1200 ml cold water containing 60 ml 6N hydro- 
chloric acid. The resulting mixture was extracted with 
ethyl acetate/ the extracts dried (Na2S0^) and solvent 
evaporated to afford the desired carboxylic acid, 17,3 g 
(78% yield), m.p. 177-179** C. 
15 EXAMPLE 23 

. Resolution of dl-2-Benzylchroman-6-carboxylic Acid 

A. A solution of 25.0 g (93 mmole) dl-2-benzylchroman- 
6-carboxylic acid in 800 ml methanol was heated to 
boiling, cooled to 40® C. and 12.4 g (102 mmole) R(+)- 
alpha-methylbenzylamine was added. No precipitate formed 
on standing. The methanol was evaporated in vacuo and 
the solid residue triturated with 200 ml hexane and 
insolubles removed by filtration to afford 36 g of white 
solid, m.p. 172-175® C. [a]^'^+52.3® (20 mg/ml, methanol). 

Evaporation of the mother liquor in vacuo gave 
9.5 g solid, m.p. 141-150® C. [a]^'^-24.6® (19.9 mg/ml, 
methanol) . 

The dextrorotatory isomer above C36 g) was combined 
with like fractions from other r\ins to give 50,9 g. 
This was recrystallized from 3200 ml ethyl acetate and, 
after allowing the solution to stand at room temperature 
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EXAMPLE 23 CContd) 
for 1.5 hours, the precipitated white solid was 
collected by filtration to give 29.4 g, m.p. 176-178** C. , 
[a] ^^^+6 9. 3** . Two more crystallizations in the same 
5 manner gave 17.3 g of pure isomer, m.p. 179-180® C.-, 
[a]^^+84.66'* (20.5 mg/ml, methanol I . 

B. Repeating the above procedure but with SC-)-alpha- 
methylbenzylamine gave the levorotatory salt 8.6 g, 
[a3^''-88.6® (.20 mg/ml, methanol). 

10 Analysis calculated for ^25^21^^3^ 

C, 77.09; H, 6.99; 3.60%. 
Found: C, 76.92; H, 6.96; N, 3.52%. 

C. A slurry of 5.0 g (13 mmole) of the dextrorotatory 
salt, [a] ^"^+86. 66® , was. sluxr±ed^in-..watex ^. ^.QD^ ml , , and , 

15 150 ml ethyl acetate added. The mixture was stirred 

while adding 6N hydrochloric acid to pH '^^2. The mixture 
was stirred for a few more minutes and the layers sepa- 
rated. The aqueous phase was extracted with 100 ml 
ethyl acetate. The organic layers were combined, washed 

20 with brine, dried (Na2S04) and the solvent evaporated in 
vacuo to yield 3,3 g (94%) d-2-benzylchroman-6-carboxylic 
acid, [a]^'^+113. 70® (20 mg/ml, acetone). 

D. In the same manner 2.0 g (5.12 mmole) of the levo- 
rotatory salt, la] ^^-88.66®, gave 1.37 g 1-2-benzyl- 

23 

25 chroman-6-carboxylic acid, la]^ -113.1® (20 mg/ml, 
acetone) • 
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EXAMPLE 24 
d C+1 -6-Forinyl-2-benzylchromah 

A. * d C+l-2-Beitzyl-6-hydroxyinethylchroinan 

To a slurry of 934 mg t24.6 mmolel lithium aluminum 
5 hydride in 50 ml tetrahydrofuran CTHF) was added drop- 
wise a solution of 3.3 g (12.3 mmolel d C+} -2-benzyl- 
chroman-6-carboxylic acid, la] ^^+113 . in 30 ml THF- 
Hydrogen gas was evolved and the reaction was mildly 
exothermic. The mixture was stirred at room temperature 

10 for two hours, cooled in ice, and water added carefully 
to decompose the excess hydride. The mixture was then 
diluted with 200 ml water, acidified and extracted with 
ethyl acetate. The extracts were washed with brine, 
dried (Na^SO^-) and splvent. evaporated, in vacuo to give 

15 3.3 g of oil, [a]^*^+80.3* (20.13 mg/ml, acetone) which 
was used in the next step, 

B. To a solution of 3.2 g (12.5 ramole) of the above 
product in 2 00 ml methylene chloride was added 33 g 
manganese dioxide and the mixture was stirred at ambient 

20 temperature for one hour. The mixture was filtered 

through diatomaceous earth and the filtrate evaporated 
in vacuo to yield 3.1 g of the desired aldehyde as a 
yellow oil, [a]^^+124.50*' (20.53 mg/ml, acetone). 
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EXAMPLE 25 
1 (^^) -6-Fonnvl-2-ben2ylchroinan 

A. 1 C-) -2-Benzyl-6-hydroxymethylchroman . 

Repeating the procedure of Example 24, Part A, 
5 with 1.35 g 1 C-) -2-benzylchroman-6-carboxylic acid, 
[a] ^-^-113.1^, gave 1.30 g of product, UjJ^-79.25^ 
t20 mg/ml, acetone) which was converted to aldehyde 
in the next step. 

B. A mixture of 2.45 g t9.63 mmole) of the product of 
10 Part A, above , 24.5 g manganese dioxide and 200 ml 

methylene chloride was stirred at room temperature for 
1.5 hours and the product isolated as in Example 23, 
Part B, to yield 2.23 g of the title compoxind, 
[al^^-123.6^ t2Q. mg/mL, a^setone). 
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EXAMPLE 26 

1- C2 /3-Dihydroben2ofuran-5-yl} -l-thiazolidine- 
2 /4-dione-5-yl) ethane (11/ R^CHj , R^-R^=H) 

A. 5-Ace1:yl-2 , 3-dihydroben2ofuran 

5 To a stirred solution of 12 g ClOO mmolel 2,3-di- 

hydrobenzofuran in 80 ml carbon disulfide was added in 
portions 30 g (225 mmole} anhydrous aluminiim chloride. 
The mixture was heated at refl-ux and 18.9 ml (200 mmole) 
acetic anhydride was slowly added. Refluxing was con- 

10 tinued for one hour after the addition was completed. 
Carbon disulfide was then removed by distillation and 
the residue was cooled in ice. Cracked ice (100 ml) 
was slowly added, the reaction mixture was acidified to 
pH 1 and diluted with water (100 ml) and extracted with 

15 ethyl ether (2 x 250 ml) . The extracts were dried 

(Na2SO^) and the ether evaporated. The residual oil 
was purified on a column of silica gel (600 ml) , eluting 
with' 9:1 (v/v) hexane/ethyl acetate / then with a 4:1 
(v/v) mixture of the same solvents, and finally with 

20 a 2:1 mixture. The product fractions were combined 

and evaporated to obtain the desired product as an oil; 
•^H-NMR (CDCl3)ppm (delta) : 2.4 (s, 3H) , 3.2 (t, 2H) , 4.6 
(t, 2H) , 6.7 (d, IH) , 7.7 (m, 2H) . 

B. 5- [1- (2 ,3-Dihydrobenzofuran-5-yl) ethylidene] thiazo- 
25 lidine-2,4-dione (III, R^CH^, Rj^-R^=H) 

A stirred mixture of 1.9 g (11.7 mmole) 5-acetyl- 
2,3-dihydrofuran, 1.37 g (11.7 mmole) thiazolidine-2,4- 
dione and 1.92 g (23,4 mmole) anhydrous sodium acetate 
was heated in an oil bath at 160 C. for 20 minutes and 

30 then for 40 minutes at 190 C. After standing overnight 
at room temperature, the mixture was stirred with 75 ml 
water for 30 minutes, the water decanted and the residue 
stirred with 75 ml ethyl acetate for 18 hours. The 
mixture was filtered to yield 1.2 g of the desired 

35 unsaturated compound* 
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EXAMPLE 26 CContd) 
C. Hydrogenation of the unsaturated compound obtained 
in Part B by th.e method of Example 11 affords the title 
compound in like manner. 
5 VThen propionic anhydride or propionyl chloride is 

employed in the procedure of Part above / 5-propionyl- 
2 , 3-dihydrobenzof uran is obtained. This, in turn, is 
converted to 5- II- (2 , 3-dihydrobenzofuran-5-yl) propyli- 
dene]thiazolidine-2,4-dione (III, R^C^ii^, R^-R^=H) which 
10 upon hydrogenation gives the corresponding saturated 
compound: 1- (2 , 3-dihydrobenzofuran-5-yl) -1-thiazoli- 
dine-2,4-dione-5-yl) propane (II, R=C2Hef -R^=H) . 
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EXAMPLE 27 
Tablets 

A tablet base is prepared by blending the follow- 
ing ingredients in the proportion by weight indicated: 



Into this tablet base there is blended sufficient 
sodiviin dl-5- [2-benzyl-3 , 4-dihydro-2H-benzopyran-6-yl) - 

10 methylthia201idine-2/4-dione to form tablets containing 
50 mg, 100 mg or 250 mg of active drug Cweight equiva- 
lent to the free acid) . The portion of blend to active 
drug is within the limits of 1-0.167 to 1-1 r e.g., in 
the extremes, 62.0 mg' bf^ sodium salt 'dihycirate' and ' 

15 300 mg of blend in a 50 mg tablet or 310,0 mg of sodium 
salt dihydrate and 250 mg of blend in a 250 mg tablet. 



Sucrose, U.S. P. 
Tapioca starch 
Magnesium stearate 



80. 3 



13,2 



6.5 
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EXAMPLE 2 8 
Injectable Preparation 
Sterile sodium d-5- I2-benzyl-3 , 4-dihydro-2H- 
benzopyran-6-yl) methyl thiazolidine-2, 4-dione is dry 
5 filled into vials so as to contain 571.0 lag of the 
sodiiim salt per vial Cequivalent to 550 mg of free, 
acid) . Prior to use, sterile water for injection 
(11 ml) is added, and the mixture shaken to form a 
solution, containing 50 mg/ml of active drug, which is 
10 suitable for intravenous, intramuscular or subcutaneous 
injection. 

Alternatively , vials are filled by a freeze drying 
procedure. Two ml of a sterile, aqueous solution con- 
taining 286 mg/ml of sodium salt is introduced into 
15 each vial. The vials are freeze dried on trays. 
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PREPARATION A 



5-Hydroxyiaethy 1- 2-inethoxyme thyl- 
2 g 3-dihydrohenzo£uran 



10 



15 



20 



Cii Ethyl 4-allylQxybenzoate 

To a stirred solution of 66.4 g CO.. 4 mole) ethyl 
4-hydroxybenzoate in lOQ ml acetone, under a nitrogen 
atmosphere was added 55.3 g CO-. 40 mole) finely powdered 
potassium carbonate and 53.2 g CO. 44 molei allyl bromide 
and the resulting mixture was heated at reflux overnight* 
After cooling to room temperature the mixture was 
filtered, washing with ethyl ether. The filtraEte and 
washings were washed with water ^ brine and dried (MgSO^) • 
Evaporation of solvent in vacuo gave 82.3 g of product 
as a clear oil. ■^H-NMR{CDCl3) ppmCdelta) : 5.0-5.5 (m) , 

5.8 (m) » 6.8 (m) , 8.0 (m)*: * ' 

(ii) Ethyl 3-allyl-4-hydroxyben2oate 

A mixture of 82.3 g (0.899 mole) ethyl 4-allyloxy- 
benzoate in 100 ml N^N-dimethylaniline was stirred 
under nitrogen while heating at reflux for 2. days. The 
resulting mixture was cooled to room temperature, the 
solvent distilled in vacuo , the residue taken up in 
ethyl ether, washed three times with IN hydrochloric 
acid and extracted with IN sodium hydroxide solution. 
The alkaline extract was acidified to pH 3.0, extracted 
with ethyl ether and the extracts dried (MgSO^) . 
Evaporation of solvent provided 47.1 g- of the desired 
product as a solid, TLC with 1.5:1 isopropyl ether/ 
hexane gave one spot, Rf 0.2. 
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PREPARATIOK A CContdl 



(iii) Ethyl 2-hydroxymethyl-2 , a-dihydrohenzofuran- 
S^carboxYlate 

A mixture of 47.1 g Ca.228 molel ethyl 3-allyl- 

5 4-hydroxybenzoate, 350 ml chloroform and 79.7 g 

CO. 462 molel m-chloroperbenzoic acid was heated at 

reflux / with stirring, \mder nitrogen for 3.5 hours. 

The resulting mixture was allowed to cool to room 

temperature, the solvent evaporated, the residue dis- 

10 solved in ethyl- ether, washed with IN sodium hydroxide, 

brine and dried CMgSO^) . Evaporation of the ether gave 

32,07 g of product as a colorless solid, m.p. 72-77*^ C. 

which was used in the next step. 

(iv) Ethyl 2-methoxymethyl-2/3-dihydrobenzofuran- 
X5 5-carboxylate 



methyl-2, 3-dihydrobenzof uran-5-carboxylate in 50 ml 
tetrahydrofuran was cooled under nitrogen to 0® C. and 
595 mg (12.38 mmole) of a 50% by weight dispersion of 

20 sodium hydride in oil was added in portions. The mix- 
ture was stirred to 0® C. for 15 minutes, then a 
solution of 1.756 g (12.38 mmole) methyl iodide in 30 ml 
tetrahydrofuran was added dropwise. The resulting mix- 
ture was allowed to warm to room temperature and stirred 

25 overnight. The mixture was concentrated in^ vacuo , the 
residue partitioned between ethyl ether and water. 
The ether extracts were combined, washed with brine, 
dried (MgSO.) and the solvent evaporated in vacuo to 
yxeld 2.28 g of product as an oil. H-NMR(CDCl2) showed 

30 singlet at 3.4 ppm, consistent with the presence of a 
CH^ OCH-^ group . 



A solution of 2.5 g (11.26 mmole) ethyl 2-hydroxy- 
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PREPARATION A (.Contd) 
Cvl To an anhydrous solution of 2.66 g C1L.26 inmolel 
ethyl 2-methoxyinethyl-2^ 3-dihydrobenzofuran-5-carboxyl- 
ate in 15 ml tetrahydrofuran was added, in portions 
5 with stirring xmder nitrogen, 426 mg Cll.26 mmolel 

lithi\im aluminum hydride and the mixture was stirred 
at room temperature for 2.4 hours. The reaction was 
quenched by cautious, dropwise addition of water, then 
acidified with IN hydrochloric acid. The volatiles 

10 were evaporated and the residue taken up in water and 
extracted with ethyl ether, washing the extracts with 
brine. After drying over anhydrous magnesium sulfate 
and evaporation of solvent 1.674 g of oil was obtained. 
This crude product was dissolved in a small amount of 

15 methylene chloride and purified by column chromatography 
on silica gel to afford 1.40 g of product which was 
used as starting material in the procedure of Example 5. 
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PREPARATION B 
Reduction of 4 44 mg (2 mmole) ethyl 2-hydroxy- 
inetliyl-2 , 3-dihydrobenzof uran-5-carboxylate , Prepara- 
tion A, Part (iii) / in 15 ml tetrahydrofuran with 
5 lithiiam aliaminioin hydride, 155 mg (4 mmole) , by the 
method of Preparation A, Part Cv) , afforded 0.3 g of 
2, 5- bis- hydroxymethyl-2 , 3-dihydrobenzof uran as an oil, 
TLC 1:2 ethyl ' acetate /hexane , Rf 0,2, iodine positive. 
^H-NMR(CDCl3)ppm(delta) : 3. .6 CCHjOH at 2-position) , 
10 4.6 {CH2OH at 5-position) . 

PREPARATION C 
5"Hydroxymethyl-2-methyl-2 , 3-dihydroben2of uran 

(i) Ethyl 2-bromomethyl-2 , 3-dihydroben2ofuran-5- 
carboxylate ; 

15 To a solution of 5.0 g (22.5 mmole) ethyl 2-hydroxy- 

methyl-2 , 3-dihydrobenzof urcui-5-carboxylate in 80 ml 
methylene chloride under nitrogen was added in one 
portion 6.5 g (24.7 mmole) triphenylphosphine and the 
resulting solution was stirred for ten minutes • To this 

20 was added, in portions over twenty minutes, 4.39 g 

(24.7 mmole) N-bromosuccinimide and the resulting mix- 
ture was stirred overnight at room temperature. The 
mixture was diluted with methylene chloride, extracted 
with water, brine and dried (MgSO^) . Evaporation in 

25 vacuo afforded an oil which was triturated with ethyl 
ether and filtered to remove insoluble triphenylphos- 
phine oxide. Evaporation of the filtrate yielded 8.4 g 
of crude product which was charged to a column con- 
taining 200 g silica gel and eluted with methylene 

30 chloride to provide 5.29 g of purified product, TLC 

Rf 0.85. Mass spectrum Cm/e) 286 (M+) , *^H-N^!R (CDCl^) 
ppm (delta): 3.2 (CH2Br) , 3.6 (benzyl CH2) . 
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PREPARATION C (Contd) 
(ii) Ethyl 2 -methyl- 2 , 3-dihydroben2of uran-S-carbo^cylate 
To a solution of 1.18 g C4.1 mmolel of the above 
2-bromoinethyl compoimd in 15 ml emhydrous benzene 
5 under nitrogen was added 1.96 ml C7.45 mmolel tri-n- 
butyltin hydride and the mixture stirred at room tem- 
perature for 45 minutes, then heated at 60-65 C. with 
an additional increment of. tri-n-butyltin hydride, 1 ml, 
and a second increment of 1.9 ml after 4 hours. Heating 

10 was continued for 70 hours. The mixture was concentrated 
to dryness in vacuo and the residual oil purified by 
chromatography on silica gel, eluting with 100% hexanes, 
to afford 1.09 g of product. TLC with 4;1 hexane/ethyl 
ether showed product with Rf 0.4 and residual tributyl- 

15 tin bromide (Rf 0.8). 

(iii) To a solution of 853 rag (4,14 mmole) ethyl 
2-methyl-2, 3-dihydrobenzofuran-5-carboxylate in 9 ml 
dry tetrahydrofu^an tinder nitrogen was added 157 mg 
(4.14 mmole) lithium aluminum hydride in portions cuid 

20 the resulting mixture was stirred at room temperature 
overnight. The mixture was worked up as described in 
Preparation A, Part (v) , to afford 752 mg of product. 
The NMR spectriam showed the presence of a band at 4.5 
ppm, characteristic of a benzyl alcohol group. 

25 TLC with 1:1 hexane/ethyl ether showed one spot at 
Rf 0.2 (vanillin spray). 
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PREPARATION D 
3-Benzyl-2 , 3-dihydrobenzof uran 



Ci) 2 , 3-Dibramo-2 ^ 3-dih.ydrobenzof uran 

A solution of 40.8 g C345 inmolel 2 , 3-benzof uran 
5 in 180 ml* carbon disulfide under nitrogen at -12 to 
-15** C. was added to a solution of 55.6 g C348 inmolel 
bromine in 150 ml carbon disulfide at a rate sufficient 
to keep the temperature below -5** C. When the addition 
was completed, the mixture was stirred at -10® C. for 
10 30 minutes, then warmed to room temperature. The 

product was collected by filtration and washed with 
hexane to yield 37.2 g as a first crop. Evaporation 
of the mother liquors gave an additional 50.3 g of 
solid product. "^H-NMR (CDCl^) ppm (delta) ,5 . 7., ( s, -IH) , , 
15 6.9-7.6 (m, 5H) . Total yield 87.5 g (91%). 
(ii) 3-Bromo-2 , 3-benzof uran 



potassium hydroxide in 145 ml ethanol was added, in 
four portions at O** C,, 50.3 g 2 , 3-dibromo-2 , 3-dihydro- 

20 benzofuran. The mixture was warmed to room temperature 
over 30 minutes, stirred at 80** C. (bath temperature) 
for two hours, then cooled to room temperature. The 
reaction mixture was filtered, washing with ethanol, 
the filtrate concentrated in vacuo, the residue taken 

25 up in 200 ml water and extracted with ethyl ether. The 
extract was dried (Na2S04) and the ether evaporated to 
obtain 18 g (50%) of the desired product which was used 
in the next step. 



To a cooled solution of 21.6 g (327 mmole) 85% 
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PREPARATTON D CConlidl 
(iii) 3-Benzyl-2 , 3-benzof uran 

A solution of 18 g CSil.4 mmolel of the 3-brQmo 
compound^ above, in 175 ml dry etiiyl ether was cooled 
5- under nitrogen to -70** C. and 64.8 ml CLOG mmolel of 

1.55M n-butyl lithium in hexane was added dropwise. When 
the addition was completed, the mixture was stirred at 
-70** C. for 30 minutes, then warmed to room temperature 
over one hour. The mixture is again cooled to -70® C, 

10 a solution of 11.6 g (.91 ,4 mmole) benzyl chloride in 

25 ml ethyl ether was added dropwise, the mixture allowed 
to warm to room temperature then heated at reflux for 
2 0 hours. The mixture was cooled/ quenched with water, 
100 ml water added and extracted with ethyl ether. The 

15 ether layers were dried (Na2S0^) and concentrated to 
afford 19.5 g of product as an oil which was used in 
the next step. . . 

(iv) To a solution of 19.5 g (91.4 mmolej 3-benzylben2o- 
furan in 75 ml trif luoroacetic acid was added 31.8 g 

20 (273 mmole) triethylsilane and the mixture was heated 
at reflux for six hours • The mixture was concentrated 
in vacuo , the residue diluted with water and extracted 
with ethyl ether. The ether extracts were carbon treated, 
the filtrate dried (Na2S0^) and the solvent evaporated 

25 to provide a dark oil. The oil was purified by silica 
gel column chromatography eluting with hexane, then its 
mixtures with ethyl ether. The combined product frac- 
tions were evaporated to provide 3.9 g (20%) of the 
title compound as a yellow oil. ^H-NMRCCDCl^) ppm (delta) : 

30 3.2 (m, 2H) , 4.0 (m, 2H) , 4.6 It, IH) , 6.7-7,5 (m, 9H) . 
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PREPARATIQN E 
2-Benzyl-2 / 3-dihydrobenzothiophene 
Ci) 2-Benzyl-2 , 3-benzothiophene 

To a solution of 26.8 g CO. 20 inolel thianapthene 
5 in 250 ml ethyl ether at 15® C, was added 130 ml 

CO .208 mole) 1.6 M n-butyl lithiiun in hexane. When the 
addition was completed, the mixtxire was warmed to room 
temperature, stirred for one hour, cooled to 0** C. and 
23 ml CO. 20 mole) benzylchloride was added dropwise 

10 at 0-2® C. The mixture was then stirred for one hour 

at room temperature and heated at reflxix for five hours. 
Water was then added slowly with cooling, the ether 
layer separated, washed with water and the ether evapo- 
rated to afford 50 g of oil. The oil was distilled at 

15 12-15 mm Hg. to obtain two fractions up to 160® C. con- 
taining starting thianapthene. The residue (20 g ) was 
crystallized from hexane to obtain 3.9 g of product, 
m.p. 82-84® C. Another 3.4 g of product was obtained 
from the mother liquors. 

20 (ii) A suspension of 605 mg (2.7 mmole) 2-benzyl- 

2 , 3-benzothiophene , 4 ml trif luoroacetic acid and 2.15 
ml triethylsilane was heated at 58-60® C. (bath temp- 
erature) for six hours. The volatiles were distilled 
at 12-15 mm and pot temperature up to 110® C. The 

25 residue was dissolved in ethyl ether, washed with water 
(10 ml), 0.5N sodixira hydroxide (5 ml), water again (10 
ml) , and the organic layer concentrated in vacuo to 
obtain 550 mg residual oil. M.S. (m/e) : 226 (Jyi+) , 224, 
135 (base) . 

30 In a second run starting with 7.3 g CO. 035 mole) of 

2 -benzyl-r 2, 3-benzothiophene and purification of the 
crude residue by silica gel chromatography, eluting with 
hexane, afforded 5.96 g of the desired product. ^H-NMR 
CCDCI3) ppm (delta) : 2.8-3.3 tm, 2H) , 3.8-4.3 Cm, IH) . 
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PREPARATION E (Contd) 
(iii) 2-Me1:hyl-2 , 3-dihydrobenzQthiophene 

Repeating the procedure of Part Cil / aiiove , but 
with methyl p- toluene sulfonate in place of benzyl 
5 • chloride gave 2-inethyl-2,3-benzothiophene as a yellow 
oil which crystallized upon standing. Distillation 
gave a white solid in 89.5% yield which was 90% pure 
by NMR. 

This was reduced by the method of Part .(ii) to 
10 afford 2-methyl-2 , 3-dihydrobenzothiophene in 77% step 
yield after purification on a silica gel column, elut- 
ing with hexane. Rf 0.35 (TLC, hexane) . 
(iv) 2-Cyclohexylmethyl-2 , 3-dihydrobenzof uran 

By employing equimqlar amounts (0.141 mole) of 
15 2 , 3-benzofuran, n-butyl lithium and cyclohexylmethyl 
bromide in the procedure of Part (i) , above, gave 
2-cyclohexylmethyl-2, 3-benzofuran in 26% yield as a 
yellow liquid, b*p. 111-115** C. at 0.8 Torr, M.S. (m/e) : 
214 {M+) , 131 (base) . 
20 This was reduced by the method of Part (ii) , above, 

to provide the title compoxmd as a yellow oil in 99% 
yield. 

(v) 2- (4-Fluorophenyl)methyl-2 , 3-dihydrobenzofuran 
Similarly employing equimolar amounts of 4-fluoro- 
25 phenylmethyl bromide, 2 , 3-benzofuran and n-butyllithium 
gave 2- (4-f luorophenyl)methyl-2 , 3-benzofuran as a pale 
red liquid, b.p. 130-132** C. at 0.7 Torr in 40% yield. 
M.S. (m/e) 2 226 (M+) . This was reacted with triethyl- 
silane in trif luoroacetic acid by the method of. Part 
30 (ii) , above, to afford the desired dihydrobenzofuran in 
98% yield. M.S. (m/e): 228 CM+) , 119 Cbase) . 
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PREPARATION F 
5~Broino-2-ethoxyethyl-2 , S-dihydrobienzof ursui 
Cil 2-Ethoxyei:hyl-2 , 3-benzofuran 

To a solution of 11 ml CO.l molel 2 , 3-faenzof uran 
5 in 150 ml tetrahydrofuran was added 71 rol (.0.11 mole) 
n-butyllithi\m in hexane CI. 55 lA) over 30 minutes at 
27-32** C, and the mixture stirred at room temperature 
for 1.5 hours. A solution of 12.4 ml CO .11 mole) 
2-bromoethylethyl ether in ethyl ether C20 mil was 
10 added at 27-35® C. and the resulting mixture stirred 
overnight at room temperature. Water CIPO ml) was 
slowly added and the mixture extracted with ethyl ether, 
washed with water and the ether layer concentrated in 
vacuo to provide 18-8 g of residual oil which was dis- 
15 tilled at 10-12 Torr to provide 10.7 g of product, b.p. 
135** C. TLC Rf 0.30 (10:1 hexane/ethyl acetate). M.S. 
(m/e) : 190 (M+) . 
(ii) 2-Ethoxyethyl-2 , 3-dihydrobenzof uran 

To a solution of 10.6 g (0.056 mole) of the product 
20 obtained in Part (i) in 100 ml acetic acid was added 
2 g 10% palladium-on-carbon catalyst and the mixture 
hydrogenated at 3 bars pressure overnight. The mixture 
was then filtered and the filtrate concentrated to dry- 
ness in vacuo to provide 10.6 of the desired product as 
25 an oil. "'"H-NMR (CDCI3) ppm (delta) : 4.6-5.1 (m, IH) . 

(iii) A solution of 5.76 g (0.03 mole) of the above 
product in 75 ml carbon tetrachloride was cooled to 0** C. 
and 1.55 ml (0.03 mole) bromine in 5 ml of the same 
solvent was added at 0® C. The resulting mixture was 
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PKEPARATION F (.Contd) 
stirred for 20 minutes, allowed to warm to room tempera- 
ture, washed with water, sodi\mi bicarbonate solution and 
the solvent evaporated in vacuo to afford '7,8 g of the 
5 title compound as an oil- The oil was purified by 
passing it through a silica gel colxiran, eluting with 
10:1 hexane/ethyl acetate, to yield 2,7 g of pure 
product. - ^H-NMRCCDCl3)ppmCdeltal : 6.5-6*65 Cd, IH) , 
7,1-7.4 (m, 2H). 

10 PREPARATION G 

Spiro I5-bromo-2 , 3-dihydroben2ofuran-2 , 1 ' -cyclohexane] 
(i) C5-Bromo-2-hydroxyphenyl ) cyclohexylmethanol 

A solution of 3.35 g (.0167 mole) 5-bromo-2-hydroxy- 
benzaldehyde in 15 ml dry tetrahydrofuran CTHF) was 

15 cooled to -78*^ C. To this was added dropwise over seven 
minutes a solution of 9.37 g (0.050 mole) cyclohexyl- 
magnesium bromide (prepared by reaction of cyclphexyl- 
bromide with an equimolar amount of magnesium turnings 
in THF under anhydrous conditions) in THF (50 ml) . The 

20 reaction mixture was stirred at -78** C for 1.5 hours, 
then at -10® C. for another hour. The reaction was 
quenched by addition of 3.0 g (0.050 mole) acetic acid, 
the mixture allowed to warm slowly to room temperature 
and stirred for 70 hours. Evaporation of solvent gave 

25 a viscous oil which was partitioned between 500 ml 
ethyl acetate and 300 ml IN hydrochloric acid. The 
orgetnic layer was washed with saturated sodium bicar- 
bonate (2 X 300 ml) , brine, dried (MgSO^) , filtered and 
solvent evaporated in vacuo to yield 7,0 g of product 

30 as a viscous oil. The oil was purified by silica gel 
chromatography, eluting with 4:1 hexane/ethyl acetate 
to obtain 3.7 g (78%) of product which crystallized upon 
standing, m.p. 110-113"* C. M.S. (m/e) : 286, 284, 268, 
266, 201 Cbase) • 
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(ii) A mixture of 3.4 g CO. 012 molel C5-bromo-2- 
hydroxypKenyDcyclohexylmethanol, 100 ml acetic acid 
and 1 ml concentrated sulfuric acid was heated at 90** C, 
5 for 16 hours. The mixture was concentrated in vacuo 
and the residual oil partitioned between ethyl acetate 
and saturated sodium bicarbonate solution. The organic 
layer was washed again with bicarbonate solution, 
brine, dried OlgSO^) , filtered and concentrated to dry- 
10 ness in vacuo . The residual oil which crystallized 
upon stcinding, gave 3.1 g (97%). 
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PREPARATION H 



3-Phenyl-2 / 3-dihydrobenzofuran 



10 



15 



20 



25 



Ci) 3-Phenyl-2 , 3-dihydrobenzofxiran"2-one 

To an ice-cooled mixture of finely pulverized 
phenol C26.5 0.282 mole) and dl-mandelic acid 
(30.45 g, 0.200 mole) was added 80 ml of 70% (v/vl 
sulfuric acid and the mixture stirred at C C. for 
5 minutes, then heated at 115^ C. for 45 minutes. The 
reaction mixture was cooled, poured onto 400 ml ice- 
water and extracted with methylene chloride • The 
organic layers were washed with sodivmi bicarbonate 
solution, dried (Na^SO^) and concentrated to obtain a 
clear oil which crystallized to a colorless solid, 
m.p, aa9--lllf-r:^-.15^1-^ .^36.% .yield) .^H-NMR(CDCl3) ppm 
(delta): 4.8 (s, IH) , 7.2 (m, 9H) . 
(ii) 2- (2 -Hydroxy- 1-pheny le thy 1) phenol 

To an ice-cooled suspension of 3.55 g (88.9 mmole) 
95% lithium aluminum hydride in 200 ml dry ethyl ether 
was slowly added a solution of 15 g (71.4 mmole) of the 
product of Part (i) in 100 ml dry ether and the result- 
ing mixture stirred for 30 minutes at 25^ C. It was 
cooled to 0-5* C. , quenched by dropwise addition of 
4 ml water, 4 ml 15% (w/v) soditun hydroxide solution and 
12 ml water • The resulting mixture was filtered through 
diatomaceous earth, the organic layer separated and 
washed with brine, dried (Na2SO^) and concentrated to 
dryness to give 2.0 g of oil* The filter cake was 
stirred with 400 ml ethyl acetate for one hour, filtered 
again and the filtrate concentrated to afford 8.1 g of 
oil which was combined with the above 2 g for use in 
the next step. ^H-NMR CCDCl2)ppm (.delta ) : 4.2 (m, 3H) , 
6.8 (m, 4H) , 7.1 (s, 5H) . 
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Ciii) A solution of IQ g C46,7 mmolel of the oil 
obtained in Part Ciil and 12.24 g C46.7 mmole) tri- 
phenylphosphine in 125 ml dry tetrahydrofuran CTHF) 
5 was cooled in an ice bath. A solution -of 7.35 ml 

(.8 .13 g, 46.7 mmole) diethylazodicarboxylate Cd=1.106i 
in 20 ml THF was added at 10° C. The resulting mixture 
was stirred at room temperature for one hour, the solvent 
evaporated in vacuo and the residue stirred in 100 ml 
10 ethyl ether for 90 minutes* The mixture was filtered 

and the filtrate concentrated to provide an oily residue 
which was purified by chromatography on silica gel, 
eluting with 5% ethyl acetate in hexane. The product 
fractions gave 6.4 g of clear oil C70% yield). 
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PREPARATION I 
2-Benzyl"2 / 3-dihydrobenzQfuran 
To a solution of sodium ethoxide prepared from 28 g 
sodium metal cuid 500 ml absolute ethanol was added 
5 122 g CI mole) salicylaldehyde and 200 ml dimethyl- 
formamide. The mixture was heated to 8Q** C. Then 
200 g (.1 mo lei alpha -bromoacetophenone was added in 
small portions. The mixture was stirred at reflux for 
1.5 hours after which the ethanol was distilled. The 
10 residue was cooled and partitioned between 750 ml water 
and 750 nil ethyl acetate. The organic layer was washed . 
twice with 400 ml portions of IN sodium hydroxide , 
water (2 x 300 ml) , dried (Na2SC^) , concentrated to one 
third volume, filtered to remove precipitated, product, 
15 which was washed with ethyl ether to yield 75,8 g of 
2-benzoylbenzo (b) furan as pink crystals, m,p. 88-90** 

To a solution of 22 g (0.1 mole) of 2-benzoyl- 
benzo (b) furan in 250 ml acetic acid was added 3 g 10% 
Pd/C catalyst and the mixture hydrogenated at 3 atmo- 
20 spheres pressure, with shaking for 70 hours. The mixture 
was filtered and the filtrate concentrated in vacuo to 
obtain 19.4 g (92%) of the desired product. 



PREPARATION J 
2-n-Bui:yl-2 , 3-dihydrobenzofuran 
(i) 2-n-butyrylben20 (b) furan 

A mixture of 25 g (217 mmole) benzo (b) furan, 32.9 g 
(208 mmole) n-butyric anhydride, 20.8 g (236 mmole) 
n-butyric acid and 6.25 g of phosphoric acid (85%, 
d=1.685) was stirred while heating at reflux (130^ C.) 
four hours and allowed to stand overnight. The cold 
mixture was made alkaline with IN sodium hydroxide 
(1200 ml) , extracted with methylene chloride, the 
extracts dried (Na2S0^) and solvent evaporated. The 
residue was distilled in vacuo to obtain 19.6 g of 
product, b.p. 170-175** C. , 15 Torr, which solidified 
upon cooling, 
(ii) 2-n-Butylbenzo (b) furan 

A mixture of 34.7 g (184 mmole) of 2-n-butyryl- 
benzo (<b) furan, 47.8 g hydrazine hydrate and 90 ml 
diethylene glycol was heated at 100"* C. for 5 minutes, 
31.1 g (471 mmole) potassium hydroxide was added and 
the mixture heated at reflux for two hours. The mixture 
was diluted with 300 ml water, extracted with ethyl 
ether, the extracts washed with IN hydrochloric acid, 
water, dried and the solvent evaporated in vacuo. The 
residual oil (25.1 g) was piirified by chromatography on 
silica gel, eluting with hexaaie to provide 16.3 g of 
product. '^H-NMR(CDCl3)ppm (delta) : 0.9 (t, 3H) , 1.5 
(m, 4H), 2.4 (t, 2H), 6.2 (s, IH), 6.9-7.5 (m, 4H) . 



wo 86/07056 



PCT/US8S/00962 



-78- 
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(iii) Reduction of 15 g (86 ,0 ininole) of the above 
product with triethylsilane in trif luoroacetic acid 
by the method of Preparation D, Part (iv) , and puri- 
5 fieation of the crude product on a silica gel column, 
eluting with hexane and hexane containing 5% ethyl 
acetate and distillation of the combined product 
fractions gave 15.5 g of the title compound as a clear 
oil, b.p. 114-120^ C. 15 Torr. M.S. Cm/e) : 176 (M+) , 
10 TLC Rf 0.55, hexane. 

PREPARATION K 
6-Bromo-2-cyclohexyl"3 , 4-dihydro-2H-benzopyran 
(i) 6 - Br omo- 2 -chromanone 

To a solution of 74.08 g (0.50 mole) 2-chrom.anone 
15 in 150 ml carbon disulfide at 0® C. was added dropwise 
over 15 minutes, 79.91 g (0.50 mole) bromine. Stirring 
was continued at 0** C* for ten minutes and at room 
temperature for 2 days. The resulting mixture was 
filtered, the crystals air dried to afford 96.8 g 
20 (85%) of colorless material, m-p. 103-105** C. (2 crops), 
(ii) 6 - Br omo - 2 -^chr omano 1 

To a mixture of 16.4 g (72.2 mitiole) 6-bromo-2-- 
chromanone and 60 ml dry tetrahydrofuran, xinder nitrogen 
at -70® C. , was added a cloudy solution of 18.4 g 
25 (72.2 mmole) lithium hydrido-tri (t-butoxy) aluminate 

(commercial) over 30 minutes. The mixture was stirred 
while allowing it to warm to room temperature over 
90 minutes, then poured onto 250 ml ice/water. The 
resulting mixture was filtered, the cake washed with 
30 ethyl ether, then ethyl acetate and the organic phase 

is separated. The aqueous layer is extracted with ethyl 
acetate, the orgcuiic layers combined, dried (Na2SO^) and 
solvent evaporated to obtain 9.5 g crude product. An 
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additional 4 g was obtained by reworking the filter cake, 
above. The combined crude products were purified on a 
silica gel column, eluting with 9:1 hexane/ethyl acetate, 
5 then a 4:1 mixture of the same solvents to obtain the 
purified product as an oil, 5.6 g. 

(iii) A solution of eye lohexylmagne slum bromide dLn 
ethyl ether (55 ml) was prepared from 15.6 g (96 mmole) 
cyclohexyl bromide and 2.56 g magnesium- This was added 

10 dropwise to a solution of 5.5 g (24 mmole) 6-bromo-2- 
chromanol in 55 ml dry tetrahydrof uran , under nitrogen 
at -70** C. The reaction mixture was stirred at -78® C. 
for two hours, then at 0** C. for one hour and quenched 
by addition of 4,1 ml acetic acid. The solvents were 

15 evaporated in vacuo, the residual white gel diluted 

with 250 ml ethyl acetate, washed with IN hydrochloric 
acid (100 ml) , saturated sodium bicarbonate solution, 
arid dried (Na2SO^) . Evaporation of solvent afforded an 
oil which solidified upon trituration with hexane, 5.3 g, 

20 m.p. 124-126® C. This was identified as the diol, 

l-cyclohexyl-3- (2 -hydroxy- 5-bromophenyl ) propanol . The 
diol was dissolved in 125 ml acetic acid, 2.5 ml 
concentrated sulfuric acid added and the mixture heated 
at reflux for 16 hours. After evaporation in vacuo, the 

25 residue was diluted with ethyl acetate, washed with 
saturated sodium bicarbonate, dried (Na2S0^) , carbon 
treated, the solution evaporated and passed through a 
silica gel column, eluting with hexane to yield 1.45 g 
of the title compound as an oil. The structure was 

30 verified by ^H-NMR spectroscopy. 

(iv) 6-Bromo-2-phenylmethyl-3 , 4-dihydro-2H-benzopyran 
By repeating the procedure of Part (iii) , but with 
benzylmagnesium chloride in place of eye lohexylmagne slum 
bromide, and employing tetrahydrofuran as solvent gave 
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a 96% yield of crude l-phenyl-4- (5-bromo-2-hydroxy- 
phenyl) -2-butanol which was purified by column chroma- 
tography on silica gel to provide 4.3 g (34%) of purified 
5 diol as a white solid. Treatment with sulf uric/acetic 
acid as above gave 4.2 g of product as a crude oil 
which was purified on a silica gel column to provide 
2.1 g {54% step yield) of the desired benzopyran as an 
amber oil. The ^H-NMR spectrum was consistent with the 
10 structure for the title compound. 

(v) 6-Bromo-2-cyclohexylmethyl- 
3 / 4-dihydro-2H-ben2opyran 

By use of cyclohexylmethylmagnesixom bromide in the 

procedure of Part (iii) gave 25% (2.2 g) of purified 

15 diol , l-cyclohexyl-4- (5-brbm6-2'-hydroxyphen*yl ) -2-butanol* 

as a white solid which was cyclized as above to afford 

1,15 g (55%) of the desired benzopyran as a yellow oil 

which was used as starting material for preparation of 

the corresponding benzopyran-6-carboxaldehyde. 



wo 86/07056 



PCT/LS85/00962 



PREPARATION L 

SpirolBenzopyran-3 (2H) , 1 ' -cyclohexane] 

(i) 2-Ben2yloxybenzyl chloride 

To a solution of 46.5 CO. 217 mole) 2-benzyloxy- 

5 benzyl alcohol (prepared by reaction of 2-hydroxybenzyl 

alcohol with benzyl chloride in ethanol containing cin 

equimolar amount of potassium t-butoxide at 100** C) 

in 100 ml chloroform was added 17.2 g CO -217 mole) 

pyridine followed by dropwise addition of a solution 

10 of 25.8 g CO. 217 mole) thionyl chloride in 60 ml 

chloroform. The resulting mixture was heated at reflux 

for 1.5 hours, cooled, washed with water, brine and 

dried (MgSO^) . Evaporation of solvent gave 45.8 g crude 

oil which was distilled in vacuo to yield 40.7 g (81%) 

15 of product as a colorless oil, b.p. 141** €• (1 Torr) . 

(ii) Methyl 1- (2-benzyloxyphenyl) methylcyclohexan- 
1-carboxylate 

Under anhydrous conditions and a nitrogen atmoshere 

a solution of 8.7 g (0.086 mole) dii sop ropy lemine in 

20 250 ml tetrahydrofuran was cooled to -78^ C. and 1.6M 
n-butyl lithium (53.75 ml, 0.086 mole) was added drop- 
wise over ten minutes. The mixture was stirred for 
45 minutes, allowed to warm to 0** C. and 12.2 g (0.086 
mole) methyl cyclohexancarboxylate was added. Stirring 

25 was continued for 45 minutes and then 20 g (0.086 mole) 
2-benzyloxyben2yl chloride in 20 ml tetrahydrofuran 
was added dropwise. The resulting mixture was stirred 
at room temperature for 24 hours, quenched by addition 
of 150 ml 3M acetic acid and stirred at room temperature 

30 for one week. The mixture was diluted with ethyl ether, 
washed with sodium bicarbonate solution, brine, dried 
(MgSO^) and concentrated to a yellow oil, 29.3 g. This 
was distilled to obtain 20.23 g C70%) of viscous oil, 
b.p. 135-140^ C. (0.4 Torr). 
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(iii) l-Eydroxymethyl-l-(2-hydroxyphenyl)methyl- 
cyclohexane 

A solution of 10 g (0,030 mole) of tire methyl 
5 ester obtained in Part (ii) in 100 ml toluene was cooled 
in ice and 10.6 ml of 3.4M sodium bis (2-methoxyethoxy) - 
aluminium hydride in toluene was added dropwise over- 
seven minutes and the resulting mixture stirred at 
room temperature for 24 hours. The reaction was 

10 quenched by cautious addition of water (12 ml) , filtered 
and washed with toluene. The filtrate was diluted with 
an equal volume of ethyl acetate, washed with IN sodium 
hydroxide, brine, dried (MgSO^) and concentrated in 
vacuo to a yellow oil, 9.3 g, which was identified as 

15 1-hydroxymethyl-l- (2-ben2yloxypheftyl ) mfethylcycloh'^xane : ' 
This was dissolved in 150 ml dry ethanol, 600 mg 10% 
palladium-on-carboA catalyst was added and the mixture 
hydrogenated with agitiation at 3.5 kg/cm pressure for 
18 hours. The catalyst was removed by filtration, the 

20 filtrate concentrated in vacuo to afford 5.4 g (83%) of 
the desired diol as a pink solid. The "^H-NMR spectra 
was consistent with the structure of the title compound. 

(iv). To a solution of 4.73 g (0.0215 mole) in 175 ml 
dry tetrahydrofuran, under nitrogen at 0** C. was added 

25 5.63 g (0.0215 mole) triphenylphosphine and 3.74 g 

(0.0215 mole) ethyl azodicarboxylate and the mixture 
stirred overnight at room temperature. Evaporation of 
solvent and silica gel chromatography of the residue, 
eluting with 14:1 hexane/ethyl acetate afforded 4.0 g 

30 (92%) of the title spiro compound, the structure of which 
was verified by ^H-NMR spectroscopy* 
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e-Hydroxymethyl-S , 4-dihydro-2H-ben2opyran 
ti) 3-Brojnopropyl C2 , 4-dibrQroophenyl) ether 

A mixture of 15.1 g (60 mmole) 2 , 4-dibromophenol , 
5 16.1 g C80 mmole) 1, 3-dibromopropane, 2.6 g soditun 

hydroxide in 46 ml water was heated at reflux for two 
dayS/ diluted with ethyl acetate and the separated 
organic phase washed with water, brine and dried (MgSO^) . 
Evaporation of solvent gave 22 g of crude which was 
10 purified on a silica gel column/ eluting with methylene 
chloride to obtain 18.3 g of the desired tribromoether ; 
Mass spectrum (m/e) : 372 CM+) • 
(ii) Methyl 3 , 4-dihydro-2H-benzQpyran-6-carboxylate 

A solution of 17,2 g of the above tribromo ether in 
15 305 ml dry tetrahydrof uran and 77 ml hexane was cooled 
to -90** C. and 32.8 ml 1.6M n-butyl lithium in hexane 
was added. The resulting mixture was stirred at -90** 
to -85° C. for two hours, allowed to warm' to* room 
temperature, then heated at reflux for one hour. The 
20 mixture was cooled again to -85** C, a second 32.8 ml 

n-butyl lithium added. Carbon dioxide was then bubbled 
into the mixture for 10 minutes. After warming to room 
temperature, the reaction was quenched with 10% aqueous 
sodiiam carbonate, the layers separated, the aqueous phase 
25 acidified to pH 3.0, extracted with ethyl acetate to 

obtain 9.1 g of crude carboxylic acid which was purified 
on a silica gel column, eluting with methylene chloride 
to provide 7.5 g of pure acid. This was esterified by 
dissolving it in methanol, bubbling in dry hydrogen 
30 chloride for 30 seconds and stirring the resulting 

solution for 18 hours. Evaporation of solvent and dis- 
tillation of the residual oil gave 5.1 g of the desired 
ester which was identified by its "^H-NMR spectrxam. 
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(iii) To a solution of 2.0 g {10 mmole) of the above 
methyl ester in 75 ml dry tetrahydrofuran was added 
374 mg lithium aluminiam hydride and the mixture was 
5 stirred under nitrogen for 30 minutes. Water (1 ml) 
was added, the mixture partitioned between ethyl ether 
and water, the organic phase washed with brine and 
dried (MgSO^) . Evaporation of solvent gave 1.85 g of 
crude oil which was purified by silica gel column 

10 chromatography, eluting with 1:1 ethyl ether/hexane . 

The product fractions amoimted to 1.19 g. Mass spectrum 
(m/e) : 164 (M+) . 

(iv) By repeating the above procedures, but starting 
in Part (i) with .1 , 4:=dibromobutane^-in^p1 ace^of 1 ^J^-di.-. 

15 bromopropane afforded 7-hydroxymethyl benzo (b) -2 , 3 , 4 , 5- 
tetrahydro-l-oxepin. In step (i) the tribromoether was 
obtained in 89% yield; in step (ii) the free acid was 
obtained in 72% yield, m.p- 163-165* C, purified on 
silica gel column, m.p. 168-169® C* The acid was not 

20 ester if ied, but was reduced directly by the method of 
Part (iii) in 94% yield to obtain the above benzoxepin 
as on oil. Mass spectrxam (m/e): 178 (M+) . 
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PREPARATION N 
2-Cyclohexyl"*2 , 3«-dihydrobenzof uran 
(i) o-Hydroxybenzyltriphenylphosphonitim bromide 

A solution of 26.23 g (0.10 mole) triphenylphos- 
phine in 100 ml toluene at 0-5® C. was perfused with 
HBr gas for 20 minutes, 250 ml ethyl ether was added 
and the mixture stirred for 20 minutes. The mixture 
was filtered, the white solid cake slurried in ether 
(500 ml) , filtered again and air-dried to obtain 33.2 g 
(97%) of triphenylphosphonium bromide, m.p. 203-205** C. 
(decomp.). In a separate flask 33 g (0.096 mole) of 
this salt, 11.9 g (0,096 mole) o-hydroxybenzyl alcohol 
and 100 ml dry acetonitrile were combined and heated at 
reflux £or-.twou hours.. The resulting - solution was cooled, . 
filtered, the cake washed with 100 ml acetonitrile and 
dried in vacuo at 120** C. to obtain 26.2 g (61%) of the 
desired product, m.p. 223-225® C. Mass spectrum (m/e) : 
368, 291, 262, 107. 
(ii) 2-Cyclohexylbenzofuran 

A mixture of 13 g (0.0289 mole) of the above product, 
8.77 g triethylamine and 4.66 g (0.0318 mole) cyclo- 
hexylcarbonyl chloride and 120 ml toluene was heated at 
reflux under nitrogen for six hours, cooled, filtered 
to remove insoluble matter and the filtrate concentrated 
in vacuo. The residual solid was flash chromatographed, 
eluting with hexane to obtain 4.7 g (81%) of white 
crystals, m.p. 32-34® C. Mass spectrum (m/e): 200 (M+) . 
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(iii) To a solution of 4,7 g (0.0235 mole) of the 
product of Part (ii) in 10.7 g (0.094 mole) trifluoro- 
acetic acid was added 5-46 g (17.5 ml, 0.047 mole) tri- 
5 ethylsilane and the mixture heated at 65** C. for four 
hours. After pouring into water (500 ml) and extract- 
ing with ethyl ether (3 x 200 ml) , the combined organic 
layers were washed with IN sodivua hydroxide, brine and 
dried (MgSO^) . Evaporation of solvent gave 5.37 g of 
10' soft colorless solid which crystallized upon standing, 
m.p. 56-59'^ C. Mass spectrum (m/e) : 202 (M+) , 107. 

(iv)a. When the above steps were repeated, but employ- 
ing 1-methylcyclohexylcarbonyl chloride in Step (ii) 
gave 2- (l-methylcyclohexyl)benzofuran as a clear oil in 
15 55% step yield. Mass spectrum (m/e): -214 (M+) , 119. 

This was reduced by the method of Step (iii) to provide 
2- (l-methylcyclohexyl)-2,3-diliydrobenzofuran in 99% step 
yield, m.p. 60-63** C. Mass spectrrari (m/e) : 216 (M+) . 
b. Similarly, use of o-f luorophenylacetyl chloride in 
20 Step (ii) gave a 17% yield of 2- (2-f luorophenylmethyl) - 
benzofuran after purification by silica gel chromatog- 
raphy, viscous oil. Mass spectrum (m/e): 226 (M+) ^ 
131. This was reduced by the method of Step (iii) in 
99% yield to obtain 2- (2-fluorophenylmethyl)-2,3-di- 
25 hydrobenzofuran as a viscous oil. Mass spectrum (zn/e) : 
228 (M+), 119. 
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PREPARATION N (Contd) 

c. Likewise use of 4-tetrahydro-2H-pyrancarbonyl 
chloride gave 2-tetrahydro-2H-pyran-4-ylben2of uran in 
71% yield, m.p. 64-68^ C. ^H-NMR{CDCl3) ppm (delta) : 

5 1.8 (m, IH) , 3.5 (m, 4H) , 4.0 (m, 2H) , 6.3 (s, 2H} , 

7.4 (m, IH) . Reduction gave the corresponding 2,3-di- 
hydrobenzofuran in quantitative yield as a white solid. 

d. Also/ use of 2-methyl-2-phenylpropionyl chloride in 
Part (ii) , above, afforded a 62% yield of 2- (l-methyl- 

10 1-phenyl) ethylbenzofuran after purification by flash 

chromatography. -^^H-NMR (CDCl^) ppm (delta) : 1.7 (s, 6H) , 
6.4 (s, IH), 7.2 (m, 9H) . This was reduced, as above, 
to afford 2- (1-methyl- 1-phenyl) ethyl- 2 , 3-dihydrobenzo- 
furan in quantitative yield as an alinber oil. 
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PREPARl^TION O 
2 , 3-Dihydro-l-benzothiophene - 
(i) 1 , l-Dioxo-l"benzothiophene 

A solution of 40 g (0.298 mole) 1-thianaphthene 
5 in 240 ml acetic acid was mixed with 180 ml 30% hydrogen 
peroxide and the mixture brought to reflux with an 
efficient condenser. The reaction is exothermic for 
a few minutes. Heating was continued for 15-20 minutes, 
the mixture was diluted with 800 ml water and cooled 
10 in ice for one hour. The precipitated product was 
collected by filtration and dried to obtain 32.8 g 
(66%) of the desired sulfone, m.p. 139-140** C- 
(ii) 2 , 3-Dihydro-l , 1-dioxo-l^benzothiophene 

To a solution of 22.8 g of 1/1-dioxo-l-benzothio- 
15 phene in 100 ml ethanol and 150 ml dry tetrahydrofuran 

was added 800 mg 10% palladium-on-carbon and the mixture 
hydrogenated until hydrogen uptake ceased (ahout one 
hour). The catalyst was* removed by filtration and the 
filtrate evaporated to provide the reduced sulfone, 
20 22.3 g (97%), m.p. 89-90^ C. 

(iii) A solution of 22.3 g-(132 mmole) of the product 
of Part (ii) in 200 ml tetrahydrofuran was added drop- 
wise with stirring to a mixture of 5.81 g (145 mmole) 
lithium* alumintim hydride (95%) in 400 ml dry ethyl 
25 ether, at a rate sufficient to maintain gentle reflux. 
Refluxing was continued for 30 minutes. The mixture 
was cooled in ice and quenched by cautious addition 
of 6 ml water followed by 6 ml 15% (w/v) sodiim 
hydroxide and 18 ml water. The resulting mixture was 

9 

30 filtered, the organic phase washed with brine, dried 
(NajSO^) and eXraporated to provide a yellow oil which 
was distilled to yield 10.4 g (58%) product, b.p. 129- 
131** C. The structure was verified by ^H-NMR 
spectroscopy. 
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PREPARATION P 
Thiochroiticui 
Reduction of thiochroman-4-one with lithium 
alximinum hydride by the method of Preparation 0, 
5 Part (iii) , affords thiochroman-4-ol in like manner* 
This is taken up in acetic acid containing a molar 
excess of acetic anhydride ^ the mixture heated at 
reflux for three hours, cooled, ethanol added to quench 
the excess anhydride and the mixture hydrogenated by 
10 the method of Example 11. 
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CIAIMS 

1. A compound of the formula 




or a pharmaceutical ly acceptable cationic salt thereof , 

wherein the broken line is a bond or no bond, 

n is zero, 1 or 2; 

X is O, S, S or S=0; 

tl tl 

o o 

R is H, CH-j or C2H^; 

when taken separately, Rj^ is H, (C^-C^) cycloalkyl, 
(Cg-Cg)methylsubstituted cycloalkyl, pyridyl, thienyl, 
f uryl , . naphthyl , p-biphenylyl , tetrahydrof uranyl , 
tetrahydrothienyl, tetrahydropyranyl , CgH^Wj or alk-W^^ 
and alk is (C^^-Cg) alkylene, ethylidene or isopropyli- 
dene; is H, OH, (C^-C^) alkoxy , (C^-C^) thioalkyl, 
pyridyl , f ury 1 , thienyl , tetrahydrof uryl , tetrahydro- 
thienyl, naphthyl, (C^-C^) cycloalkyl or C^H^W^ and 
is H, OH, F, CI, Br, (Cj^-C^) alkyl, (C^-C^) alkoxy or 
(C^-C^) thioalkyl; is H or CHj, R^ is H, (Cj^-C^)- 
alkyl, CgH^W2 or benzyl; and R^ is H; 

when R^ and Rj are taken together they form 
(C^-Cg) alkylene and R^ and R^ are each H; 

when R^ and R^ are taken together they form 
(C^-Cg) alkylene and R^^ and R2 are each H; and when R2 
and R^ are taken together they are CC^-C^) alkylene and 
R, and R. are each H. 
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2. A compoxind according to claim 1 wherein R is H. 

3. A compoxind according to claim 2 wherein the 
broken line is no bond. 

4. A compo\and according to claim 3 wherein n is 
zero or 1- 

5. A compoimd according to claim 4 wherein R2 / 
and R^ are each H and R^ is H, cyclohexyl, 

or alk-W^ where alk is (C^-C^) alkylene, ethylidene or 
isopropylidene; W^^ is OH, (C^-C^) alkoxy , cyclohexyl 
or CgH^W2 and is H, CI, Br, CH3 or CH3O. 

6. A compound according to claim 5 wherein X 

is O. 

7. A compound according to claim 6 wherein R^ 
is cyclohexyl, cyclohexylmethyl , benzyl, f luorobenzyl, 
(C^-C^)alkyl, hydroxymethyl , methoxymethyl or ethoxy- 
ethyl . 

8. A compound according to claim 7 wherein R^ 
is benzyl. 

9« The compound according to claim 8: 
5- [ {2-benzyl-2 , 3-dihydrobenzofuran-5-yl) methyl] thiazo- 
lidine-2/4-dione or a sodium salt thereof. 

10. The compound according to claim 8: 

5- [ (2-benzyl-3, 4-dihydro-2H-benzopyran-6-yl) methyl] thiazo- 
lidine-2, 4-dione or a sodium salt thereof. 

11. A compoxind according to claim 4 wherein R2 
and R^ taken together form (CH2)^# R^ and R^ are each 
H and X is O. 

12 • A compound according to claim 4 wherein R^ 
and R2 taken together form (0112)5, ^3 ^4 each H 

and X is O. 
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13. A compoiind according to claim 4 wherein 
and taken together form 00112)5/ R^^ and Rj are each 
H and X is O. 

14. A compoiind according to claim 5 wherein X 

is S or S-O, 
II 
O 

15. A compound according to claim 14 wherein n is 
zero, R^ is H, CH^ or benzyls. 

16. A method of lowering the blood glucose in a 
hyperglycemic mammal which comprises administering to 

a mammal in need of such treatment a blood glucose lower- 
ing effective amount of a compoxmd of claim 1. 

17. A method according to claim 16 wherein in said 
compoiond, .o£ , ,c1 aim. IL^s.,K and. the _ l>roken li.ne . .is. jio. . 
bond. 

18. A pharmaceutical composition for use in a 
hyperglycemic mammal which comprises a blood glucose 
lowering amount of a compound of claim 1 and a phazrma- 
ceutically acceptable carrier. 

19* A pharmaceutical composition according to 
claim 18 wherein in said compound of claim 1, R is H 
and the broken line is no bond. 
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